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Preface 



YOU MUST obtain certain infonnation and develop certain skills to become a graphics 
specialist. You can obtain tfiis infonnation by studying this Career Development Course 
(CDC), which covers fundamentals, principles, theory, and concepts associated with the 
gr^hics specialty. This CDC is composed of three volumes and supplements designed to 
bring you to a 5 skill level. A CDC cannot provide the necessary drawing practice that is 
required to reach any skill level, so your trainer will have to see that you get that practice. 

The behavioral objectives contained herein are designed to help you understand what 
the subjects are all about. Studying the text and achieving the objectives will give you the 
fundamental knowledge needed to perform as a graphics specialist. Be guided by the 
behavioral objectives, and answer idl die exercises for each chapter. Then refer to the 
answer section in the back of the volume to check your answers. 

This first volume of CDC 23151 was written to extend your familiarization with the 
basic principles of the graF*ics career field. Volume 1 consists of four chapters that cover 
the care and use of eqmpment, basic materials, the fundamentals of lettering, and 
geometric and graphic construction. 

Foldouts 1 and 2 are printed and bound in the back of the volume. 

Code numbers appearing on figures are for preparing agency identification only. 

The inclusion of names of any specific conmiercial product, conmiodity , or service in 
this publication is for information purposes only and does not imply indorsement by the 
Air Force. 

To get an immediate response to your questions concerning subject matter in this 
course, call the author at AV 926-2795 between 0700 and 1500 MT, Monday thrx)ugh 
Friday. Otherwise, write the author at SCHS/TTMZC, Lowry AFB, CO 80230 to point 
out technical errors you find in the text, volume review exercise, or course examination. 
Sending subject matter questions to ECT slows response time. 

NOTE: Do not use the Suggcsdon Program to submit changes to this course. 

Ccmsult your education officer, training officer, or NCO if you have ny questions on 
course enrollment or admmistration. Your Key to a Successfiil Course, irregularities 
(possible scoring errors, pinting errors, etc.) on the volume review exercises and course 
examination. Send questions these people can't answer to ECI, Gunter AFS AL 
361 18-5643 on Form 17, Student Request for Assistance. 

This volume is valued at 24 hours (8 points). 

Material in this volume is reviewed annually for technical accuracy, adequacy, and 
currency. For SKT purposes the examinee should check the Index of ECI Study Reference 
Material to determine the correct references to study. 
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CHAPTER 1 



Care and Use of Equipment 



MANY OF THE problems of today arc caused by a lack of 
communication. Word languages arc highly sophiscated 
systems of communication, but they are still inadequate in 
many instances, especially when describing jAysical 
things. Drawing is a graphic language that communicates in 
the universal tongue of art. It is a language that expresses 
and conveys ideas of shape, size, and construction. As with 
any form of communication, the tools of the trade are your 
most important assets. The use and care of this equipment is 
vital to the graphics specialist, for it is his or her voice in the 
universal language of art. 

Care of Equipment 

Equipment care is the first order of business with any 
graphiics specialist. Equipment well cared for denotes a 
person who docs or has the potential of doing exceptional 
woric. Few woricers can do a good job with poor or badly 
misused equipment, and the graphics specialist is no 
exception. Giving a poor craftsman the best equipment in 
the world will not appreciably improve his or her woric. A 
good craftsman, however, will usually produce better woric 
if the equipment is well cared for. 

001. Cite th:^ rules for proper equipment care. 

Rv!hs to Observe. These rules are: 

(1) . Have a place for each piece of equipment and keep it 
there when not in use. 

(2) Keep all instruments CLEAN. 

(3) Never expose any pointed equipment to the 
possibility of point damage. 

(4) Never use any instrument for any purpose except that 
for which it was designed. 

(5) Electrical equipment should be unplugged when not 
in use. 

Each instnn^jst and piece of equipment was designed to 
do a p^cular job. Learn what that job is and use your tools 
accordingly. Most good equipment can be kept clean with 
mere soap and water, althou^ some equipment may 
require special solvents for cleaning. 

Before you begin to draw, arrange your equipment in an 
orderiy manner. Mace each article so that you can reach it 
easily, but so that you will not hit it when you use the T- 
square or drafting machine and triangle. Keep your tools in 
their proper places when you are not using them; good ft Jls 
are expensive and easily damaged. A systemaijc 
arrangement is tunesaving and efficient and dea^ses the 
likelihood of your accidentally dropping or pushing 
something off the table. 

O 



Exercises (001): 
1 . List two of the five rules for equipment care. 



2. Why should you arrange your equipment before and 
during drawing? 



1*2. Useof Equipnment 

Most graiAic shops in the Air Force will be furnished 
with standard drafting furniture and equipment. Subsequent 
material describes this equipment and also presents 
suggested methods for obtaining maximum utilization. 

002. Specify the purpose of equipment to be used in a 
graphics specialist's work area. 

Drawing Tables and Boards. Ehawing tables and 
boards come in various sizes and styles as oudined in figure 
M. Drawing tables and boards arc made of selected soft 
woods such as white pine, basswood, or some other suitable 
wood. The board should have a smooth, firm, woricing 
surface. Most boards and tables are cleatcd with a metal 
edge that prevents waiping and also serves as a straight 
woridug base for the T-square. 

Figure 1-2 is a good example of an inexpensive board 
with cleated ends. Care should be taken to avoid nicks, 
chips, and holes of any kind on the drawing surface. There 
is a variety of vinyl materials with excellent resiliency for 
covering any drawing board surface. The cover protects the 
drawing board surface, reducing gkre and providing an 
excellent drawing surface. 

Your drawing table should be adjustable in both height 
and tilt of die top. Adjust the height of the table so that, if 
you desire to work in a standing position, you can do'so 
without stooping or holding your arms in a slighfly raised 
position. The table top may be left flat or inclined, 
according to your preference. Your chair or stool should be 
hi^ enough so that you can see the whole drawing board, 
but not so high that you have to lean over uncomfortably to 
draw. You should be able to lo<* directly at any point of 
your drawing by sUghtly shifting your body. That is, your 
line of sight should be approximately perpendicular to the 
drawing surface. 

Lamps. Since you vidll be using your eyes constantly, it 
is important that your working area be well lighted. Natural 
light is best, if available and ample, although in the 



L-SHAPEO DRAFTING TABLE AND REFERENCE DESK. THE 
DRAWING BOARD IS ADJUSTABLE TO ANY ANGLE. 





DRAFTING TABLES WITH ADJUSTABLE DRAWING BOARDS 
THAT MAY BE TILTED UP TO A MAXIMUM OF 45? 
TABLE SHOWN ON THE LEFT ALSO HAS A FLAT SURFACE 
FOR TOOLS OR REFERENCE MATERIAL. 





FRENCH TABLE; ADJUSTABLE TO ANY ANGLE 
FROM HORIZONTAL TO VERTICAL. 



PEDESTAL DRAFTING TABLE-. 
SPACE SAVER AND ADJUSTABLE. 



Figuit 1-1. Drawing tables and boards. 



majority of cases, acceptable natural light wUl be the 
exception rather than the rule. Most offices are 
insufficiently lighted with fluorescent overhead fixtures. 
Generally, these fixtures are inadequate in regards to 
quality and intensity of light. Adjustable lamps serve to 
improve tiie lighting conditions. The most popular type of 
adjustable lamp is the floating-arm type of fluorescent 
fixture tiiat clamps onto the desk or drafting table. Arrange 
your lighting to come from the front left, if your are right- 



id 
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handed; or from the front right, if you are left-handed. This 
eliminates shadows cast by drawing instruments and your 
hands. Finally, avoid glaring lights and reflections, as they 
contribute to eye-stram. 

Ll^t Tables. Light tables are used for viewing opaque, 
translucent, or transparent material. The graphics specialist 
will find the light table a very uscftil tool when tracing 
prints, opaquing negatives, and making color separations. 
A light table may be used as a drawing table, but this 
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Figure 1-2. Drawing board and c!cated ends. 



practice is not recommended except in an emergency. 
Precautions lO be observed when working on a light table, 
because the top is made of glass, are to avoid excessive 
pressure on the glass surface and to avoid scoring the 
surface with shaip tools. In either case, a break could cause 
serious injury. 



The light table has a series of fluorescent light tubes 
located in the front or on the recessed floor of the glassed-in 
section. The white reflectors spread the light source within 
the table, and the glass working surface is frosted 
underneath to diffuse the light. Figure 1-3 illustrates a 
typical light table. 
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Work Tables* Work tables are used mainly for jobs that 
would otherwise damage the surface of a drawing board. 
These work tables are used for such operations as mounting 
drawings, maps, photos, or cutting paper, matts, or 
illustrated board. 

The top of the work table should be large enough to 
accommodate the largest sheet of illustration board without 
any overhanging edges. Cover the table with one or more 
scrap sheets of illustration board, held firmly in place with 




tape. This supplemental covering will prevent the cutting 
blade from slipping on the smooth tabletop. The blade 
passes through the item you are cutting and partially cuts 
the illustration board cover. Additionally, if the illustration 
board cover is not used on tabletops made out of hard 
material such as formica, the knife, upon cutting through 
the material, would lose all friction and might slip across 
the hard surface and cut you or someone near you. 

Tabourets. A tabouret serves as a storage space for 
frequently used tools and materials. Because most tabourets 
arc on wheels and are portable, you can easily relocate your 
tools and materials when the need arises. Tlie top of the 
tabouret is flat with a raised lip around its perimeter. The 
tabouret will have one or more drawers and a storage space 
below. These features enable you to keep your most 
frequently used tools and materials close at hand. Figure 1- 
4 illustrates a type of tabouret. 

Exercises (002): 

1. Why is it usually more convenient to use a high stool 
and a drawing tabic adjusted to a high level rather than 
a conventional chair and a drawing table adjusted at a 
low level? 




Figure M. Tabouret. 
4 



2. If you are right-handed, you should arrange your work 4. In what situation should a work table be used instead 
area so that the light comes from what direction? of a drawing table? 



3. Why is die light table a useful tool? 5. What is the purpose of a tabouret? 
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CHAPTER 2 



Materials and Tools 



THE JOBS YOU will encounter as a graphics specialist will 
vary tremendously. You may be expected to do anythmg 
from designing a command presentation to paintmg a 
mural No matter what your specific job may be, there are 
materials and tools that are used in every aspect of your 
specialty. In this chapter, we will take a look at these 
materials and tools. 

2*1. Materials 

The materials used by the graphics specialist in the 
preparation of artwork include such items as paper, board, 
pencils, ink, and other such items. 

003. Specify the features and dimensions of drawing 
paper and (farawing boards. 

Drawing Paper- Drawing paper is one of the key 
ingredients for most illustrations. It is the surface upon 
which most drawings are made initially. Drawing paper is 
made in a variety of qualities for various purposes. It may 
be hot-pressed or cold-pressed (this determines the surface 
finish), and it can be purchased in both rolls and sheets. 
Most drawing paper is chemically treated so that the colors 
will remain true even if constantly exposed to harsh light. 

In general, paper should have sufficient grain to take 
pencil or ink, and a hard surface so that the pencil will not 
soove it or that ink will not bleed. Drawing paper must 
also have good erasing qualities so that, when an erasure 
does occur, the surface of the paper wiU remain smooth and 
hard enou^ to be redrawn upon. 

Other drawing p^rs and drawing boards can be 
identified by their trade names, but they all serve the same 
purpose. The ultimate purpose of any drawing surface is to 
supply the artist with a vehicle on which he or she can 
express ideas in any media or technique that is available. In 
many cases, drawing boards are manufactured for specific 
media or technique. 

Pmer sizes. The Ak Force maintains a standard system 
for paper sizes. It is based on the SVz" x 1 1" dimenaon. The 
moer sizes are desipated by letters as follows: A - iVz x 
n^B = 1 r X 17''; C = 17" X 22"; D = 22" x 34"; E = 34" x 
44"' As you can sec, when these sheets arc folded in half 
along their longest sides, they will fold down to fit mto 
standard Air Fbrce letter files. 

PiVer features. There arc many types of papers and 
paper products designed to fit any specific need you may 
mn into. Paper, which is usuaUy designated as a smgle ply, 
is given a certain weight characteristic. The weight of the 



paper is figured by the pound weight of a ream (500 sheets) 
of 17" X 22" paper. That means that, if the paper that you are 
using is rated at 120 pounds, 500 sheets of that paper in the 
17" X 22" size weighs 120 pounds. Therefore, the higher the 
weight rating, the thicker the paper. 

Cardstock and boardstock are usually multi-ply papers. 
They are classified by surface finish. Hot-pressed board has 
a hard slick surface, which does not absorb ink or pamt 
quickly. This allows you to draw a crisp, clean line. Hot- 
pressed board is an ideal surface for preparing graphics that 
require a high degree of accuracy. 

Cold-pressed paper, on the other hand, has a textured 
surface. This texture is called grain or tooth. The tooth of 
the board creates very minute peaks and valleys on the 
surface of the paper. The variances in surface heights ^ow 
graphite or pigment particles to adhere to the paper surface 
in varying concentrations. Naturally, the pigment or 
graphic concentrations will be heavier on the peaks and 
lighter or nonexistent in the valleys. Therefore, cold- 
pressed boards and papers arc ideal for graphics that require 
a tonal effect. . ^ . 

There is a paper made specifically for any job. As you 
gain experience, you will be able to narrow your selection 
to a few paper and board types that will adequately handle 
the majority of your needs. 

Tracing Paper. Tracing paper is just what the name 
implies— it is a natural (translucent) or transparent paper 
used to trace all or parts of drawings and blueprints when 
reproduction is not possible from the original. Otherwise, it 
should have all the qualities of good drawing paper. Tracmg 
paper varies widely in color, thickness, and surface 
qualities. Therefore, the grade of pencil or ink techniques 
must be adjusted to suit the paper. All paper has a front and 
a back. Most of the time the two sides are the same, but 
with drawing paper you have to be careful. Drawing paper 
may have a smooth and a textured side, or a white and an 
off-white side; the front side is usually white or smooth. 

Exercises (003): 
1 . Upon what dimension does the Air Force base its paper 
sizes? Why? 



2. What are the qualities of good tracing paper? 
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3. How is the weight of paper determined? 



What is the difference between hot-pressed board and 
cold-pressed board? 



004. Specify the characteristics of the two basic 
mediums. 

Basic Medimns. As a graphics specialist, you will often 
use the basic mediums to prepare artwork. This section 
contams information relating to the characteristics of the 
two basic mediums, pencil and ink. Other mediums will be 
covered in Volume 2 of this CDC. 

Pencil. The pencil is the most valuable tool you will ever 
use as a grai*lc specialist- Regardless of what medium your 
diawngs will be done in, you will do the planning with a 
pencil. The pencil is the most versatile of all drawing tools; 
you can create a range of values from the subtlest gray to 
the richest black and create the thickest and thinnest lines. 
In addition, when you want to make a change to the 
preliminary drawing, the pencil lines can be erased. 

The selection of a grade of pencil lead is to some extent a 
matter of personal preference. Special pencils are used for 
drawng, as iUustrated in figure 2-L There are 18 grades of 
pencil leads, 17 of which are shown in figure 2-1. Leads are 
divided into three general categories: hard, medium, and 
soft. The breakdown is as follows: 

9Hto4H hard 

3H, 2H, H, F, HB» and B... medium 

2Bto6B soft 

Pencils in the 2B to 6B category are classified as soft. 
The composition of the graphite is such that it produces a 
very dense, shiny black line. Because the graphite is so 
soft, you should be very careful when you work with these 
pencils. The lines produced by these pencils are easily 
smudged. Protect your work by laying a sheet of paper over 
your completed work area. This will keep your hand from 
resting on your completed work and smearing it. 

You can use these same smudging properties to your 
advantage. Because the graphite is so soft, it can be blended 
easily to produce some very striking tonal effects. 



The medium density pencils (B and 3H) are general- 
purpose pencils. The graphite in these pencils is harder and 
produces a line that is finer and lighter than the softer 
pencils. These pencils are ideally suited for sketching, 
writing, facing, basic lettering, and general layout woric. 

The third category of pencils are classified as hard. These 
pencils are designated 4H through 9H. These pencils 
maintain a sharp point and produce a sharp line of light 
density. They are extremely valuable when a high degree of 
accuracy is desired for charts and graphs for the preliminary 
layout work for drafting. 

More important than the quality of the pencil is the 
condition of the point. The proper shape for a pencil point is 
shown in figure 2-2. The tapered wood portion should range 
from 7/8 inch to V/i inches long, and 3/8 inch of lead 
should be exposed, as shown in part A. This can be done 
with a sharp knife or razor blade, or by a special pencil 
sharpener which cuts away only the wood, leaving the point 
as shown in part B. After using either of these methods, you 
should bring the lead to a point by means of a file or 
sandpaper. Three different points are commmonly used. 
For a conical point, as shown in part C, rotate the pencil 
slowly whUe you rub it back and forth on the file or 
sandpaper (fig. 2-3). The pencil should be inclined to the 
direction of motion. To produce the wedge point, shown at 
E in figure 2-2, the opposite sides arc nibbed down. Some 
artists prefer the screwdriver wedge point shown at D. This 
point requires the screwdriver wedge p6int shown at D. 
This point requires additional sanding at the comers of the 
wedge. The elliptical or bevel point, item F, is made by 
sanding the lead entirely cn one side. 

Each type of point is useftil and has certain advantages. 
The wedge point is used for drawing straight lines, smce it 
does not wear dovm so rapidly. Its use, however, is limited 
to drawing straight lines. The conical point is used for 
general-purpose woric and for lettering where a thin uniform 
line is required. The bevel or elliptical point is 
recommended for use in the compass, as it has the same 
advantages there as the wedge point has for drawing straight 
lines. The soft lead pencils with beveled points are often 
used for shading. Since drawing pencils wear awav rapidly, 
you should always keep a sandpaper pad handy to resharpen 
the lead. 

The disadvantage of using an ordinary drawing pencil is 
that you must take time to sharpen it, and as it becomes 
shorter, it is more difficult to handle. Semiautomatic or 
mechanical pencils, shown in figure 2-4, do not have these 
disadvantages. Equipped with a chuck to clamp and hold 
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Figure 2-2. Various pencil point shapes 




3. What substances are used to make drawing ink? 



4. Which colors of ink reproduce best photographicaUy? 



Figure 2-3. Sanding pad. 



the lead, they can be quickly adjusted, the point sanded as 
the lead of a wooden pencU, and they maintain their length. 
In addition, the entire Irad can be used. 

Ink Common black drawing ink is made of finely 
ground carbon suspended in a mixture of water and guin 
^bic The gum arabic acts as a binder and makes the ink 
cohesive, opaque, and waterproof. Waterproof ink is very 
durable and is preferred. Nonwatcrproof ink is easier to 
work with, but slower to dry and very easy to smudge. 

Ink dries quickly, so keep the botde tightly closed ex^pt 
when filling the pen or drawing instrument. This wiU help 
eliminate evaporation and keep the ink workable. If the mk 
gets too thick, it can be thinned by adding a few drops of 
waterunOltheinkrcachesawoikableconsistcncy, 

The majority of your work will require black mk only; 
howver, ink is made in ahnost any color for any purpose. 
If your work is going to be reproduced photographically, 
use black, dark blue, or red ink. These three colors wiB 
insure the best possible black and white copy. Other colors 
may produce a copy, but the quality will be lessened. 

Exercises (004): 

1. What are the three general categories of lead for a 
drawing pencil? 



2. What are the three different pencil-point types? 



2-2. Tools 

This section covers the nomenclature, use, care, and 
maintenance of some of the more common items you as an 
grq)hics specialist will be usmg. Learn the proper use, care, 
and maintenance of these pieces of equipment and it will 
make your job much easier. 

005. Craipare the features of the T-square, paraOel 
straightedge, and drafting machine. 

T-square. This tool gets its name finom its shape, which 
you probably observed when lookmg at figures 2-5 and 2-6. 
It consists of a blade attached at one end to a shorter 
crosspiece called the head. As you can see, the head is 
mounted under the blade so that it will fit against the edge 
of the drawing board while the blade rests on the surface of 
the board. 

The T-square is used for drawing horizontal hues, as 
shown in figure 2-7. To use the T-square for this purpose, 
first ^ly pressure to the head to hold it in contact with the 
woridng edge of the board. This keeps the working edge of 
the blade perpendicular to the working edge of the board. 
Next, slide the T-square up or down to position its waking 
edge slightly below the point through which you want to 
draw the line. Then, hold the head of the T-squarc against 
the edge of the board as you move the pencils along the 
working edge of the T-squarc. Draw the Imc witti the 
pencil tilted in the direction of movement at an angle of 
^)pioximately 60 degrees from the surf'ace of the paper. 
Rotate the pencil between your fingers as you draw the line 
so that the lead wears evenly and produces a line having the 
same thickness throughout its length. 

Of course, T-squares arc no good if the lines arc not 
straight or parallel to each other. Lefs look at two of the 
most common problem areas. 
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Figure 2-4. Mechanical pencils. 




Figure 2-5. T-squarc. 
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Figure 2-«. Checking wotWng edge of drawing board. 




A T-square with a loose or "rocking" head is the only 
problem that you should ever try to correct. You will never 
be able to draw parallel lines when the head of your T- 
square doesn't hold the blade in a permanent perpendicular 
position. If the head of your T-squaxe is loose, remove the 
screws that hold the blade and head together. Place a small 
amount of white glue in and around the screw holes, and 
align the blade at a 90Klegree angle to the head, then 
reattach the blade to the head. The T-square should be as 
good as new, and you can use it as soon as the glue has had 
a chance to set properly. 

A more serious problem is a T-squaie with an uneven 
workmg edge. To test the working edge of the blade, 
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Figure 2-7. Drawing a horizontal line. 



carefully draw a sharp line with a pencil along the entire 
length of the blade. Turn the T-squaie over and draw a line 
along the same edge. If the working edge is sttaight die 
two lines will appear as one. If there is a space between Ae 
lines, the working edge of the blade is not straight and the 
T-square should be discarded. 

The best type of T-squaie maintenance is preventive 
maintenance. Here are some tips to keep your T-squaie in 

^*^Nw« use the blade as a guide for a knife when cutting 
paper or boardstock. . 

• To keep your T-square true, always store it hangmg by 
the hole in the end of the blade, or lay it on a flat 

surface. ■ 
a DONOTDROPYOURT-SQUARE!!! 

• Never use the lower eJge of the blade. 

ParaUel Straightedge. Many graphics spedalists prefer 
a parallel straightedge to a T-square. The paralld 
straightedge is permanenUy attached to the drawing board 
by a system of coixis and puUeys so arranged as to give 
exact parallel motion to the straightedge as it is moved 
vertically up and down the board. 

The pmllel straightedge has two fundamental 
advantages over the T-squaie. Supported at both ends, ^ 
maintains parallel motion automatically, and it may be 
moved up or down the board with pressure at any point 
along its length. These advantages become particularly 
significant when you are working on large drawings. 

As with the T-square, always draw lines along the upper 
edec of the parallel straightedge. A word of caution: As 
witfi T-square, do not use the plastic edge as a cutting 
guide. 



Drafting Machines. The drafting machine-or parallel 
motion prottactor, as it is sometimes called-is one of the 
most useful and timesaving devices that you will use. You 
can use it in place of a T-square, triangle, scale, and 
protractor. There are two types of drafting machines-thc 
arm-and-band type shown in figure 2-8 and the tracked type 
shown in figure 2-9. Essentially both machines are the 
same. The tracked type has the advantage of being more 
versatile, accurate, trouble free, and can accommodate 
larger drawings. The arm-and-band type, however, is more 
common and less expensive. ■ 
As you can see in figure 2-8, the drafting machine is 
attached to the top edge of the drawing table with the 
straightedges resting on the surface of the drawing table or 
paper The controlling head of the machine provides a 
means of adjusting and locking the straightedges at any 
desired angle. The supporting links are arranged so that the 
straightedges always remain at the desired angle no matter 
where they are moved on the board. Thus, when the long 
blade is set to a horizontal position, it wiU remi-m 
horizontal regardless of the position of the control head on 
the drawing table. Interchangeable straightedges marked 
with standard scale divisions permit you to use the drawuig 
machine for many types of drawing. 

Since the various parts of the drafting machine are metal, 
the accurate relationship of one part to another is not subject 
to change. However, they do have certain inherent faults. 
Unless the metal straightedges are pressed firmly against 
the drawing by placing one hand at the center of the 
straightedge, the blade will flex or "swing" slighUy when 
moderate pressure is applied to the free end. The Imks or 
bands that control the position of the straightedges must be 
adjusted properly to eliminate the possibUity of mttoducmg 
error from this source. When using the drafting machine to 
attain speed, you must take great care not to gain speed at 
the cost of accuracy. 



Exercises (005): 
1. What is the primary purpose of a T-square? 



2. What advantages does a parallel straightedge have 
over a T-square? 



3. The drafting machine combines the features of what 
graphic tools? 



006. State the functions of triangles and irregular 
curves. 

Triangles. Right-angle triangles are used in conjunction 
with the T-f juare or straightedge to draw vertical or 
inclined line,-. The two standard types, as shown in fipirc 
2-10 have acute angles of 45° and 45° and 30° and 60 . 
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Figure 2-10. Standard triangles. 



Triangles are made of transparent plastic so that lines of the 
drawing may be seen through them. Like a T-square, to be 
fanctioflai, triangles must be accurate. The edges of 
triangles can be tested for straightness by Ae s^ne two- 
point method usea to test the working edge of the T-square. 
Rgure 2-1 1 shows how to check the angles of the mangles 

To check the 90° angle on either triangle, set the mangle 
against the working edge of a T-square and draw a vertical 
line through a given point. Then, without moving Ae T- 
square, turn the triangle over to position it jotted 
oufline in fig. 2-1 l.A) and draw a second line through the 
same point using the same edge. If the two Imes comcide or 
are very close together, the triangle IS usable. 

The 45° angles may be tested by drawing a Ime at a 45 
angle to the horizontal and then checking the opposite angle 
to see if the edge coincides with the pencil Ime. This 
process is shown in figure 2- 11,B. 

You can test the 60° angle by drawmg an equilatera^ 
triangle as shown in figure 2-1 1 ,C. If the triangle has eq^ 
S, L 60° angle is correct. Of course, if both 90 and 60° 
angles are correct, the 30° angle wUl be correct also smce 
the sum of the angles of a triangle is 180°. . f.^,^ 

The method used to draw vertical Imes is shown m figure 
2-12 Notice that the left hand not only applies pressure to 
hold'the T-square in position so that the head is against the 
woricing edge of the drawing board, but is used also to hcjd 
TeSgle'against the working edge of the T-square T^e 
right hand moves the pencil along the mangle with an 
upward motion. . . . 

You can use triangles singularly, as shown "Jpajf A and 
B of figure 2-13, to draw lines at angles of 3(f, 45 , W , 
and 90° with the horizontal. You also can use them m 
combination, as shown in part C, to draw lines at angles of 
15° and 75° with the horizontal. Part D shows the lines tha 
can be drawn with 30° - 60^ and 45° triangles. Smce aU 
Unes should be drawn from left to nght (if you are nght- 
handed), lines sloping downward fitom left to nght wiU be 
drawn with a downward motion; those slopmg upward from 
left to right will be drawn with an upward motion. This 
oroccdure allows you to sec your work better. 

When a line must be drawn between two points, a 
triangle may be used for a straight«^ge in place of a T- 
squaS As with a T-square, you should be careful not to let 



the triangle slip when using it as a straightedge. The 
alignment of the edge of the triangle with the two pomts 
may be simplified by using the following procedure: 

(a) Place the tip of your pencil on the point which is 
higher for drawing vertical lines, or on the point which is 
farther to the right for drawing horizontal and mclmed 

lines. . ., 

(b) Move the triangle up against the pencil. 

(c) Using the pencil as a fulcrum, pivot the mangle to 
align its edge with the second point. 

Pertiaps the most important use of the triangle, T-square 
combin^on, is to draw lines parallel or perpendicular to a 
given line. Figure 2-14 shows the two steps of these 
procedures. The procedure of drawing parallel Imes is 
E in part A, and the pro<^ure of drawmg 
perpendicular lines is sbown m part B In each of these 
procedures, the first step consists of placmg the mangle 
against the T-square and movmg them as one uirtd the edge 
of the triangle is aligned with the given Ime. Then m the 
next Step, while holding the T-square stationary, you slide 
the triangle along the woricing edge of the T-square until the 
edge of Ae triangle is aligned wiA the pomt through which 
you wish to draw Ae parallel or perpendicular Ime^ 
Naturally, you use Ae same edge of the mangle to draw 
parallel Unes as you used to align Ae two instruments m the 
first Step, and you use Ae edge of Ae mangle that is 
perpendicular to Aat edge when you draw perpendicular 
lines. 



Irreeular Curves. These curves are used to draw ci^ved 
lines which are not segments of circles. They are made of 
metal or of transparent plastic and come m vanous shapes. 
soZ of which L shown in figure 2-15^ The patterns for 
Aese curves are laid out in eUipses and spirals or oAer 
maAematical curves in various combinations. 

Figure 2-16 shows how an irregular curve is used to draw 
a smooA line through predetermined points. After the 
points are plotted, a light pencil should be dretched o 
connect Ae points wiA a smooA fiowmg Ime. Then apply 
Ae curve to it; selecting Ae part of Ae curve which most 
nearly matches a portion of Ae line. The curve should 
match Ae Une at a minimum of three consecutive pomts. 
When selecting Ae part of Ae line to be used, be sure o 
place Ae short radius portion of Ae Ime to be drawn. In 
drawing Ae part of Ae line matehed by Ae curve, always 
stop a littie short of Ae distance in which Ae guide and Ime 
seem to coincide. After drawing diis portion, shift the curve 
to find anoAer place Aat wiU coincide wiA Ae 
continuation of Ae line. Avoid abrupt changes in curvature 
bv arranging Ae curve to coincide for a short distance vviA 
Ae part of Ae line already drawn. Thus, Ae hnes drawn 
coincide at each junction and create a smooA curve. 

When using Ae irregular curve as a guide for inking a 
curved line, hold Ae ruling pen so Aat it is tilted slightly in 
Ae direction of movement and is in plane perpendicular to 
Ae paper. In this position, boA blades of the pen will touch 
Ae paper at points just off Ae center of Aeir curved tips As 
you move Ae pen along Ae edge of Ae curve, rotate it 
slowly between your fingers or turn your hand to keep Ae 
blades parallel to Ae edge of Ae curve. 



Figure 2-11. Testing trianglis. 
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Rgure 2-12. Drawing a vertical line. 



Exercises (006): 
1. Whatare the two types of triangles? 



3. What is the purpose of irregular curves? 



4. At how many points should the curve match? 



007. Specify the purpose of a protractor. 

Protractor. A protractor is used for setting off and 
measuring angles, including those obtained by using the T- 
squarc and triangJes. Ordinarily, a transparent plastic 
protractor 6 inches wide is sufficient. Such a protractor is 
shown in figure 2-17. Notice that the circumference is 
marked twice with a scale running fix)m (f through 180° in 
each direction. Having 0°starting points at opposite ends of 
the diameter makes the protractor easier to use and read in 
any position on the drawing board. 

To make accurate measurements with a protractor draw 
the basehne of the angle so that it extends beyond both zero 
pomts of fte protractor. The center point of the protractor 
must be aligned duecUy over the apex of the angle to be 
measured or drawn. In laying out an angle, make a light 
pencil mark on the drawing c^.posite the appropriate degree 

i?.^;. U * apex through file pencil 

Uck" mark to complete the angle. 

Exercises (007): 

1 . What is the purpose of a protractor? 



2. What is the primary function of the triangle ? 



How would you measure an angle with a protractor? 
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CURVE FITS SKETCH LINE 



Figure 2-15. Intgular curves. 



008. State the types and functions of drafting scales. 

Scales. Although you arc probably more familiar wiA 
the term •*ruler/* ••scale** is the correct term to use for a 
straightedge that is graduated for measuring purposes. 
Scales arc made with a variety of graduations to meet the 
requirements of many different kinds of woric. For 
convenience, scales are classified according to their most 
common uses. Thus we have scales for mechanical 
engineers, civil engineers, and architects. A graphics 
specialist will find each of these types of scales convenient 
for certain types of work. 

Mechanical engineering scales arc divided and numbered 
so that fractions of inches rcprcsent inches. The most 
common ranges are 1/8, 1/4, 1/2, and 1 inch to the inch. 
These scales arc known as the size scales because the 
designated reduction also rcprcscnts the ratio of size. For 
example, on the 1/8 scale, 1 inch is rcpresented by each 1/8 
of an inch of the scale. These scales arc almost always 
••fully divided**; that is, the smallest divisions run 
throughout the entire length. They are often graduated with 
the marked divisions numbered from right to left, as well as 
from left to right. Mechanical engineering scales are used 
chiefly for drawing machine parts and small structures 
where the drawing size is never less than one-eighth the size 
ofthe actual object. 

Civil engineering scales are divided mto decimals with 
10, 20, 30. 40, 50, 60, and 80 divisions to the inch. Such 
scales arc usually ftilly divided and arc sometimes 
O 
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Figure 2-16. using an irregular curve. 




Figure 2-17. Using a protractor. 
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numbered both from left to right and from right to left. They 
arc used chiefly for plotting and drawing maps, although 
they are convenient for any work where divisions of the 
inch in tenths is required. 

An architect's scales arc divided into proportional 
divisions representing feet and inches, and are used to make 
scaled-down drawings. These scales have unit divisions of 
3/32, 1/8, 3/16, 1/4, 3/8, 1/2, 3/4, 1, 1V4, and 3 inches. 
Each unit represents 1 foot. They are usually "open 
divided," that is, the units representing feet are shown 
along Ae entire length, but only the end units are 
subdivided into fractions representing inches. Three 
samples are shown in figure 2-18. 

We are all familiar with the top scale (12-inch ruler). We 
were introduced to it during our eariy school days. It is 
divided into 12 inches, and these units are further divided 
into 16 equal parts. If you use this scale to make a scaled- 
down drawing of an object, you must calculate the lengths 
that you require. In some cases, this may be difficult. If you 
were using the scale, 1 inch equals 1 foot, you would have 
little or no trouble finding the measurement representing 5 
feet 3 inches, because 3 inches equals 1/4 foot and is 
represented by 1/4 of a inch on the scale. You merely mark 
off 5V4 inches for your measurement. However, suppose 
that you wanted to find the scale measurement of 5 feet 4 
inches. This is not so easy. When you convert 4 inches into 
feet, you get 1/3 foot. Since 1/3 foot is represented by 1/3 
inch on the scale and since there is no division at this point, 
you must estimate or mechanically divide the distance to 
obtain the measurement. Let us sec how much easier it is to 
use the scale shown in the center of figure 2-18. 

The numeral 1 located at the end of the scale identifies 
this scale as the 1 inch equals 1 foot scale. Notice that the 
zero index is located 1 inch in from the end of the scale. The 
major divisions are numbered 1 through 10. (Only the 
numeral 1 J4)pears on the section of the scale shown. The 
numerals 20 and 18 are part of the 1/2 scale, which is read 
from the oflier end of the scale.) The section of the scale to 
the left of the zero index is divided into 12 major divisions 
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Hguft 2-18. Sample sections of architect's scale. 



which represent inches. This is the section of the scale that 
makes measuring in inches easy. 

To obtain the scaled measurement representing 5 feet 4 
inches, all you have to do is place the unit division 5 at the 
right end of your measurement and marie the left end at a 
point opposite the fourth major division to the left of the 
zero index. This is more accurate than estimating and much 
easier than dividing the distance. In fact, with this scale you 
can make measurements down to 1/4 inch direciiy on the 
scale. 

The bottom scale shown in figure 2-18 is used m the 
same way. On this scale, 3/4 inch represents 1 foot. Let us 
see if you can determine where you would mark the two 
ends of a measurement representing 2 feet 9 inches. If you 
selected the unit 2 division for the right end of your 
measurement and the third major division to the left of the 
zero index for the left end of your measurement, you are 
correct. If you did not get the measurement right, you 
should study the scale again. 

Exercises (008): 
1. What are the different types of scales? 



2. How is each scale used? 



3. What is meant by the term "open divided" when it is 
applied to the architect's scale? 



009. Specify the features of erasing equipment. 

Erasing Equipment. Erasers and other erasing 
equipment are important tools of the graphics specialist. 
Many drawings caa be saved by a good job of erasing. 
Figure 2-19 shows some of the erasing tools a specialist 
uses. Probably the most important of these is the red mby 
eraser. It is designed primjuily for pencil corrections, but 
can also be used to remove ink. It will not destroy the 
surface of the p^r if used properiy, and this is especially 
important when you need to re-ink lines in the erased area. 
If the surface of the p^r is liamaged, the ink, when it is 
reapplied, will bleed or spread and min the drawing. 
Sometimes you can repair a damaged area by burnishing the 
area wi& a metal instrument or your fingernail . 

Oil and moisture on the erasing surface will cause 
smudging. A pencil-type erasure will minimize the chances 
of transferring oils and moisture from your fingers to the 
eraser. 

This is also tme of the electric eraser. Electric erasers 
have Ae additional advantage of saving time, especially 
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when there is a considerable amount of erasing to be done. 
However, the erasing machine is difficult to use without 
damaging the surface of the paper, so exercise extreme 
caution when using one. 

When erasing in an area containing many lines that arc 
close together, you will find an erasing shield very useful. 
By placing the shield over the area so that the line which 
want to erase shows through the appropriate opening in the 
shield, you can erase the line without fear of damaging 
nearby lines. ^ 

An art gum eraser is generally used to clean up large 
areas. This cleanup job should be done before inking, 
because erasing over inked lines will destroy the luster of 
the ink. Deep black lines made with a soft pencil cannot be 
erased successfully with art gum, since soft pencil lines 
smudge very easily. It is far better to keep the drawing clean 
than to try to clean it with art gum after it has been soiled. 
The following suggestions, if observed, will help to keep 
the drawing clean: 

(1) When moving the T-squarc, bear down on the head 
so that the blade is raided slightly from the paper. 

(2) Your hands arc always somewhat oily, so keep them 
off the paper. 

(3) Use a hard pencil for layout work. 

(4) Pick up the triangles radjcr than slide them. 

(5) When finishing a drawing with a soft pencil, cover 
all areas except the one on which you arc woridng, with a 
clean sheet of paper. 

(6) Blow graphite particles that Hake off the soft pencil 
mm the sheet. 

(7) Use a brush or soft cloth to brush erasing cnimbs off 
the sheet rather than using the flat of your hand. 



(8) Use a hard, smooth-surfaced paper if this is suitable 
for the type of drawing being made. 

Many specialists also use kneaded erasers. These erasers 
arc made from synthetic nibber or plastic and may be 
kneaded into a fine point or any shape that is advantageous 
to the specialist. They have the advantage of leaving few, if 
any, cnimbs on the drawing, and can be used to pick up 
pphite dust rather than to rub it off. The kneading tends to 
mcorporaie the dust particles and cleans the eraser at the 
same time. 

An eraser shield is a small plate of thin steel with holes of 
various shapes. The holes in the shield make it possible to 
rcmove unwanted lines while leaving other woric 
untouched. Also, the sharp edge of the metal cuts away the 
smudged exterior of the eraser, permitting a clean eraser tip 
to be always on the drawing surface. 

In addition to art gum erasers, cleaning compounds 
mclude pulverized gum eraser particles which may be 
squeezed from a plastic bottle or from a cloth bag The 
granules sift through the bag as it is laibbed over the 
drawmg. The eraser pad is also excellent for prccleanine to 
prcvent later soil buildup. 

Figurc 2-20 shows hints on how to keep your drawing 
Clean. 

Exercises (009): 

1. What feature of the red ruby eraser makes it an 
unportant piece of erasing equipment? 
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Figure 2-20. Rulcs'of neatness. 
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2. What features make the kneaded eraser unique? 



3. What is the major disadvantage of an electric en ser? 



010* Spedfy the characteristics of ruling pens* 

Ruling Pens. A niling pen consists of two steel blades 
attached to a handle. It is used to make straight ink lines of 
uniform tfiickness. The standard ruling pen, shown in 
figure 2-21, A, has an adjustable spring blade. A screw 
ruiming through a hole in the adjustable blade screws into 
the stationary blade and is used to adjust the gap between 
the ends of the blades, which are called nibs. The width of 
the gap dctcnmines the thickness of the line that the pen will 
produce. Never tighten Ae screw far enough to bring the 
blades tightly together because to do so might bend the nibs 
and ruin the pen. The adjusting device also allows you to 
open the blade so that you can clean inside the nibs. Before 
you put Ae pen away, you should loosen the screw to 
relieve the spiirg tension. 

The two other types of niling pens, shown in B and C of 
figure 2-21, have hinged blades that allow the pens to be 
opened, cleaned, and snapped back into place without 
changing the width of the setting. These types of blades are 
very handy i^n you have a great deal of inking to do. 

The spring pressure of the blades should be positive but 
not too strong, or it will cause die threads on the adjusting 
saew to wear out rapidly. Don't buy a pen with undue 
frictiofl on this screw. 



The wide-pointed pens, one of the two general types of 
points, arc called detail pens. They serve best for drawing 
long, heavy lines since they hold more ink. Pens of any one 
type are specified by overall length. When buying a single 
pen, you should purchase one that suits your hand. 

A niling pen should be filled by placing the quill, which 
is in the stopper of the ink bottle, between the nibs of the 
pen and letting the ink nin into the pen, as shown in figure 
2-22. The ink should not stand more than 1/4 inch high in 
the pen, as the weight of a higher column will frequently 
cause the ink to run out and m3K^ a blot. After fiUing a pen, 
you should always make a test line on a piece of scratch 
paper. Be sure the ink flows properly and the width of the 
line is correct before you ink a line on a drawing. 

The ruling pen should be held in the same manner as Ac 
drawing pencil. As shown in parts (a) and (b) of figure 2- 
23, the pen should be slightly inclined in the direction of 
motion and in a plane perpendicular to the paper through 
the line being drawn. You should take great care to get and 
to keep the pen in the correct position, since only a slight 
deviation is necessary to bring disastrous results. 

The four illustrations in the lower portion of figure 2-23 
show the results of correct and incorrect manipulati<Mi of Ac 
ruling pen. The correct position of the pen and the resulting 
correct line are shown in the top illustration. Shown next is 
the result of applying too much pressure against tbt 
straightedge. As you can see, this forces the mbs together 
and thus reduces the thickness of the line. When the ink 
comes in contact with the straightedge and paper at Ac 
same time, it runs under the straightedge and blots die 
drawing, as shown in the third illustration. The same result 
will occur if you leave ink on the outside of the nib and it 
touches the straightedge. When die pen is held as shown in 
the bottom illustration, the outside nib of the ruling pen 
does not touch the paper and a ragged line is produced. 




A. 




B. 

SPRING HINGE TYPE 




C. 

CLICK TYPE 



Figure 2-21. Ruling pens. 
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Fts«2-22. Filiiag a nUiog pelt 



to an evea length and then rounding them off so that the end 
has a parabolic <ihape. This can be done by carefully closing 
the nibs of the pen and dien rubbing the nibs over an 
dlstooe, as shown in part A of figure 2-25. While rubbing 
the nibs over die stone, keep the pm in a plane 
perpendicular to the surface of die stone and rock it back 
and fcHth in the direction of motion. The second operation is 
that of sharpening the nibs. This must be done by grinding 
entirely from the outside, as shown in part B, until the 
edges of die nibs do not show any shiny flat spots when 
viewed edgewise. A magnifying glass is useful in making 
this examination. Exercise care in diis operation to make 
the mbs equal in length and not so sharp that they cut die 
drawing papa. Under no circumstances should you attempt 
to siyspen the pen by boning the inside of the nite. 
Sharpening it diis way ruins the pen. 

Exercises (010): 

1. Why shouldn't the blades on a ruling pen ever be 
brou^t ti^tly together? 



To draw a tong line, you dxxild use a steady, even arm 
movement Your littk finger and ring finger should rest on 
and slide aloog the straightedge to help keep Ac an^e of 
inclination constant. Just bcfbic you teach the end of djc 
line, stop your arm and two guiding fingers and, widiout 
stop|«ng die motion of die pen, finish dicline with a finger 
movement Draw dwit lines with fliis finger movement 
aiooe. WhenyonicachdiceDdof die line, (prickly lift die 
pen ftom fl>e pq)cr and move die straighle^c away frwn 
disline. , . 

The quafi^ of a line produced by a ruling pea dqpends 
not only on die manipulation rf d>e pen but also <mi die 
condition of tije point Even die best pens seldom come 
ftom the manufiKmircr propedy pointed. TTicrcfoie, you 
should learo to sharpen and shape die nibs. The correct 
shffl» is shown m part A of figure 2-24. Notice ft^ it is not 
very pdnted. A pcriBted tq? produces a very hi^ cap^^ 

action. Tins is die action !v ^ * 

depressed or elevated as it comes into contact widt a solid. 

This action holds nikwell away ftom die pomt of die 
pen. A pwnt of tfiisQrpc will not permit die ink to start, 

even on a broad line. ^ 
The equality in the length of the mbfi is another condition 

dmtwinafiecttfaeftowofUL Before die ink will flow 

propcriy, bodi nibs must be eqnal m laigdi, as shown in 

part C of figote 2-24. Part D of figure 2-24 shows what 

happcBSifonentbistongerdtttttiieother. Notice tbat die 

ink docs not touch the paper ffld tfieieftMe doesn't flow . 

Afkr % few nxxias of steady 9enfke» a good point wi^ 
wear^ prodncoc a flat spot oa die side dial contacts die 
pancr>Mdwmm^Mifc2-243> An i iiic tJ t ^ s haip 
poii<»,MnpqBJto8diafnte>aiid flali tat dpointo canbe 
coiMciedbyproperlioBifagonalinegninoflstt^ 

The process of shaping die nibaofamling pen consists of 
two opcratioos . The fitst operadon consists of honing Acm 
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2. The wide pointed niling pen is called a 
pen. 



3. What are the three common defects of used mling 
pens? 



4. Pushing the ruling pen widi too much pressure against 
the straightedge causes what effect? 



Oil. List die types of measoring instruments of a 
■wdamcal drawing set* 

Cmuftm. The large compass (fig. 2-26) is one of die 
most inqxHtant instnmients in a drawing kit. It should be 
adjusted before it is used for tbc first dme and dsen 
maintained in diat condition. As you can see, one leg is 
arranged to hold eidier a pencil attachment or a pen 
attadonent. You should msert the pen attachment first and 
dien acyust the needle pcrint so dxat it is about 1/32 of an 
mdi longer dian die pen. Thus, when die needle point sinks 
into die paper, the pen is pexpendicular to die paper, and 
when die annpass is held in a vertical position, the pen 
bttely toudies die paper. Once you have adjusted die 
needle point, teave it in tiiat position. When you change die 
pen attadmient for a pencil attachment, adjust only die lead 
point You use die same relationship as for die pen 
attachment. 

The lead for the compass should be of the same grade as 
diat used in pencil work. This means diat you should keep 
several lead points on hand to suit the varieties of pencil 
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(o) FRONT VIEW (b) SIDE VIEW (c) ADJUSTING THUMB SCREW 




Fignre 2-23. Using a niling pen. 
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Figure 2-24. Correct and faulty ruling pen nibs. 






VEK ATTACHMENT 



EXTENSION BAR ATTACHMENT 



Bgure 2-26. Standard compass with attachments. 
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used. You can sharpen the lead to a bevel point by sanding 
the outside edge (fig. 2-27). Sanding the outside edge of the 
lead permits you to sharpen the point without disturbing the 
compass setting even when the compass is set for drawing 
very small circles. With the bevel on the outside, the point 
of lead is nearer the needlepoint, thus permitting you to 
draw smaller circles. 

When drawing small circles, you may leave the legs of 
the compass straight; but for large circles, bend the legs, as 
shown in part A of figure 2-28. The amount of bend 
depends on the size of the circle. Adjust the legs so that 




Figure 2-27. Shaipening and adjusting the compass lead. 



both nibs of the inking pen touch the paper when you hold 
the compass perpendicular to the paper. In this position the 
needle point will not create an unsightly hole when you 
draw several concentric circles. It is best to draw a circle 
with a clockwise movement and to go around the circle only 
once when inking. However, to secure a good black pencil 
line, you may find it necessary to retrace the circle several 
times. 

For drawing circles larger than the compass will 
acconunodate, you may add the extension bar attachment, 
as shown in part B of figure 2-28, or use a beam compass, 
as shown in part C. A beam compass consists of a bar, or 
beam, of metal 18 to 70 inches long, a steel needle point, 
and a pen or pencil point. You can slide the needle point 
and pen or pencil point. You can slide the needle point and 
pen or pencil point along the bar to any desired position and 
then tighten them against the bar with thumbscrews. Using 
the extended compass and beam compass requires more 
skill than handling a regular compass since both hands must 
be employed, one to bold the needle at the center and the 
other to move the pencil or pen point. 

Dividers* Dividers are used chiefly for transferring 
distances and occasionally for dividing spaces into equal 
parts. They are similar to compasses except that both legs 
have needle points (fig. 2-29). 
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Figure 2-28. Extension bar compass and beam compass, 
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Hguie 2-29. Adjtisting and using the divider. 



To set the divider, hold it in one hand. Then, if Ac 
distance to be set permits, hold it as shown in the top 
illustration* This permits you to increase the span by 
^q>lying the pressotie with your middle and ring fingers and 
to decrease Ae span by z^ying piessure with your Aumb 
and index fii^« If die distance is small, remove your 
fingers ftom inside the divider and dose down die legs to 
the proper measraanent by qiplying pressure iwfli your 
tbun* and fingers. Ascrew on cMie of die legs provides fora 
fine adjustment. To test dividers, dose die legs and chedc 
to see if the two points come togetiier in hne wifli the legs. 



To transfer a measurement from one drawing to another 
or firom an object to a drawing, set the divider to the correct 
measurement and transfer the measurement to the drawing 
by pricking the drawing surface very slightly with the points 
of die divider. To step off a series of equal measurements, 
set the divider first clockwise and then counterclockwise, as 
shown in the lower illustration of figure 2-29. Alternately 
reversing die swing permits you to maintain your grip on 
the divider. 

You can use dividers to divide a measurement into a 
number of equal parts by die trial and error method. The 
prindple of this method is shown in die bottom portion of 
figure 2-29. If you want to divide die distance between 
pmnts A and B into dnee equal parts, start by estimating 
one-diird of the distance. Then set die divider for diis 
distance; place one point of die divider on point A and step 
off three spaces along die line b^een points A and B.^Be^ 
careful to prickJhe ps^ as li^tiy as possible. If die point 
of the divider coinddes widi point B, you have 
acconQ)lished your objective. The two prick holes mark the 
division pomts of the line A-B. You may want to go back 
and make diese holes slighdy lazger or mark diem widi a 
pencil to complete die {^ration. 

If the pomt of die divider falls ^ort of point B, as shown 
in figiHC 2-29, or overshoots it, you can use die distonce of 
die undershoot or overshoot to determine approximately 
how much to change the setting of die divider for the next 
trial (q)eration. In the above exanqile, since you are 
dividing die distance between points A and B into diree 
equal spaces, and the first trial setting was too small, 
increase the span of the divider by one-third the distance 
b^een the &ial position of die divider and point B. By 
rqieating this trial opeation, you will find the right setting. 

An easier method of dividing the line shown in figure 2- 
29 includes die use of a proportional divider (fig. 2-30). 
Ihis type of divide consists of two legs that arc held 
together by a movable pivot section and i^iiich have a 
needle point on each end. The movable pivot section allows 
you to adjust die divider so that the span of the short needle 
points has a desired ratio to the span of die long needle 
pomts. The enlarged detml of tiiis section shows how diis is 
done. Notice that die knob on the underside of the bottom 
leg is geared to a rack on die inside of this leg. As you turn 
die knob, the pivot section slides along the inside of both 
legs. You can set die divider for a desired ratio by aligning 
the index mark on die movable slide widi the graduation 
maiks on d:e top 1^. The divider illustrated in die enlarged 
detail of figure 2-30 is set widi die index maik aligned widi 
die 2/5 graduation maik. Tlierefore, die ^an of sboit 
needles will be two units when the span of die long needles 
is five units. After setting the divider for a certain ratio, 
k)dc the pvot point by tightening die locking nut on the 
face of die upper leg. This settmg-and-locking operation is 
done widi die legs of die divider closed. After tockii^ die 
pivot point, you are ready to use die divider. 

Now let us see how you would use the proportional 
divider to divide die distance between pdnts A and B of 
figure 2-29. Since you want to divide the distance into three 
equal parts, you must first set die divider for a ratio of 3 to 
1. You do diis by setting the index mark opposite the 
indicating marie 3 and tightenmg die locking nut. Next, you 
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Figure 2-30. Ptopoitional divider. 




spread the legs of the divider until the long needle points 
will touch points A anC B. Rnally, you reverse the ends of 
flic divider and step off flie distances which divide line 
A-B, using the suort needle points. 

Notice that flic prq>ortional dividers shown in figure 2-30 
arc graduated for dividing circles as well as lines. To use 
flicm fw this purpose, you set die ri^ end of die index 
mark to the graduation line corresponding to the number of 
divisions desired. Then set flie span of die long needles 
equal to the radius of flie circle to be divided. Now you can 
use flie short needle end of die divider to step off the 
divisions almg the circumference of die circle. 

Bow Instmments. A mechanical drawing set usually 
contains three bow instruments — a bow pen, bow pencil, 
and bow divider. Bow pens and pencils are used for 
drawing circles and circular arcs with smaller than 1-inch 
radii. Bow dividers, like regular dividers, are used for 
transferring measurements and dividing lines into equal 
parts but on a much smaller scale. 

There are two types of bow instruments in general use. If 
flie adjusting screw is on flie side of die instrument, as 
shown in part A of figure 2-31, die instrument is called a 
sidebow. Ifflic adjusting screw is in the center, as shown in 
part B, flic mstnunent is called a c^n/er frw. Bodi of fliese 
instnunents are used in the same manner as the compasses 
and dividers previously described. 

As you can sec in figure 2-31, side bow instruments are 
merely small instruments \^di have a thumbscrew acting 
against flic sprmg tension of the legs. The screw threads on 
fliese instruments are delicate; dierefore, do not force diem. 
You can decrease die wear on the direads by holding flie 
legs together lightly as you turn die adjusting screw. This 
applies only to die side bow instruments. You should keep 
flie threads of both types of instruments free from rust and 
dirt. 
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Figure 2-31 . Bow iastnunents. 



Exercises (Oil): 

1. List the two types of measuring instruments of the 
drawing set. 



2. What are proportional dividers? 



How many bow instruments 
drawing set contain? 



does a mechanical 
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4. Why must the leg containing the needle point be kept 
perpendicular to the paper? 



012. List the types of brushes and state their 
characteristics. 

Brushes. One of the most versatile tools that you will 
ever use is a brush. A brush is basically a clump of straight, 
fine hairs attached to a slender wooden handle. Brushes are 
used to transfer any liquid or semi-liquid medium to any 
worlcing surface. 

The brushes that we use are a bit more sophisticated than 
the hair on the stick example. Brushmaking has evolved 
into an exacting craft. The hair of bristles are hand- 



selected, hand-trinuned, and hand-set. It takes years of 
experience for a person to become a qualified brushmaker. 

There are several kinds of hair used to make brushes. 
Camel hair brushes are too soft and do not have sufficient 
elasticity or "life" for average professional purposes. An 
inferior grade of sable is preferable to any camel hair. 

The best brushes are called red sable. The one source of 
hair for these brushes is the tail of the Kolinsky (known also 
as the Siberian mink or the Tartar marten). No other hair 
has the same springiness or durability. This hair is 
delicately tapered, and the tip is slender and comes to a fine 
point. Beyond its widest point, or "belly," the hair tapers 
somewhat toward the boot. Some brushes are set so that the 
opening of the ferrule grips the belly; others are gripped 
above or below this point. The character of the point varies 
according to the place at which the hairs are gripped (fig. 
2-32). 



ROUNDS 

ROUNDS are completaly round with pointed ends. 




BRIGHTS 
BRIGHTS ere short, square end brushes. 



FLATS 

FLATS are similar to iKlghts but have tenger hair or bristle. 



FILBERTS 

FILBERTS are similar to brights or flats in length but have 
oval shaped tips* 



LETTERING 

Figuie 2-32. Types of brashes. 
O 26 
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There are five types of brushes: rounds, brights, flats, 
filberts, and lettering brushes. The rounds come to points 
which vary fiom fairly sharp to quite blunt. The brights are 
flat, have rather sharp comers, have less thickness of 
brisUe, and their length is about V/z times their width. The 
flats are broad with flattened ferrules and straight edges, 
arid they have a brisUe length that is about 2Vi times their 
width. Filberts are similar to the flats except that the width 
of the bristles is wider at the base and narrower at the ends. 
Lettering brushes have very long brisUes that are somewhat 
flattened to allow a smooth flow of lettering medium. These 
long bristles also absorb the natural shakiness of your hand 
and let you achieve a smooth stroke. 

Brushes are expensive, so treat them kindly. A well-kept 
brush perlbnns better and lasts longer than a mistreated 
brush. Here are some hints that will help you keep your 
brushes in top shape: 

a. Always clean your brushes after you use them. Use 
the proper solvent for the type of paint used. After the paint 
is cleaned out of the bristles, wash the brush in warm water 
and a mild soap. Make sure the brush is rinsed CLEAN 

^. Load the brush with soap, and shape the brisUes to 
their original shape. 



c. Store the brushes in an open jar. Place the handles 
dowii and leave the bristles up and exposed to the air. In this 
position, the bristles are not resting in contact with any 
surface, and there is less possibility of their becoming 
distorted. 

Exercises (012): 
1 . What is tiie one source of red sable bristles? 



2. What varies the character of the brush? 



3. List the five types of brushes. 



4. What is the proper method of storing brushes? 
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CHAPTER 3 



Fundamentals of Lettering 



THE THOUGHTS or ideas the graphics specialist wishes to 
pass on to someone else are seldom conveyed by illustrations 
alone. Most illustrations are accompanied by some form of 
written word. The words may take the form of a title, which 
usually tells somediing about the illustration, or they may be 
included as an integral part of the illustration. You c^an see 
this by looking at the advertisements in any magazine or 
newspaper. Illustrations used by the Air Force are not 
exceptions. This means that you, as a graphics specialist, 
must be able to letter as well as illustrate. In fact, you will find 
that a fidr illustration with good lettering is more effective 
than a good illustration with poor lettering. In other words, 
the lettering can make or break an illustration. We might say 
also that being able to letter well can be the difference 
between a good graphics specialist and a poor one. One thing 
for sure, if you learn to letter well, you will be of great value 
to any graphics organization regardless of your other 
qualifications. 

Lettering, like drawing, is an art. As in other arts, you 
must spend many hours studying and practicing to acquire the 
necessary knowledges and skills. This course cannot help 
you develop your skill. You must gain tiiat by continuous 
practice. It can, however, present helpful information on the 
fundamentals of lettering. From this chapter, you should 
learn the basic principles of lettering, how each letter is 
formed, what constitutes good spacing, how to obtam good 
spacing, how to letter by hand and by using mechanical 
lettering equipment, and how to use prepared lettering. Let 
us start with lettering fundamentals. 



3-1 . Lettering Styles and Nomenclature. 

Lettering produced by hand without mechanical lettering 
aids of any kind has a quality that cannot be obtained by any 
other means. It takes on the personality of the individual 
letterer as well as the character of the instrument used to 
produce it. 

The ability to letter well can be acquired only by continued 
and careful practice. Anyone with muscular control of his or 
her fingers can acquire this ability if he or she will practice 
faithfully and intelligently and take the trouble to observe 
carefully die shapes of the letters, the sequence of strokes 
used to niake the letters, and the nfles for letter composition . 

The ali^iabet we use today had its origin in ancient 
hiero^yi*ics. After being developed by the Egyptians into a 
cursive form, it was adopted by the Phoenicians, who 
pioduced an alphabet of 22 letters. TTiis alphabet was 
transmitted in the course of time to the Greeks and by them to 
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the ilomans. Each of these civilizations made changes in the 
alphabet due in part to the kinds of tools and materials they 
used in recording their writings. The Roman capital alphabet 
finally evolved and has come down to us practically 
unchanged. Except for small letters, which were added to the 
Roman alphabet by the master printers of Venice after 
printing had been invented in Germany in the 15th century, 
most newspapers, magazines, and books of today use letters 
which differ very little ftom those carved on Roman 
architecture over 2000 years ago. The success and durability 
of die Roman alphabet can be attributed to the fact that the 
letters arc based on well-defined principles and geometric 
truihs— the circle, ellipse, vertical lines, horizontal lines, 
and diagonal lines being the elements. 

013. Specify the styles most used in modern printed 
material. 

Styles of Lettering. Through the centuries, writing styles 
and even the basic letter forms were changed and modified 
due to the materials used and the tendency of men to try to 
find easier ways of doing something. Printing imposed 
certain changes toward a more mechanically perfected letter 
form. This began a trend toward simplicity and ease of 
construction. 

Tixt. The first type faces were simply copies of the 
manuscript lettering of the period. The Gutenberg Bible, the 
first printed book, was printed in an angular, nordiem block 
letter. A number of type faces based on the old block-letter or 
text alphabets, such as the German Tfext and Old English 
Tfcxt, arc still used. For those of us who arc accustomed to 
simpler styles, the text style of lettering is quite difficult to 
read. Therefore, we seldom use this style for blocks of copy. 
Tfcxt lettering is used often for formal and decorative 
purposes on certificates, formal announcements, diplomas, 
etc. 

Gothic. In this style all parts of the letters are of equal 
width. When the width of the strokes can be made with a 
single stroke of a lettering pen, pencil, or brush, the style of 
letter is called single-stroke Gothic. When the outline of a 
letter is drawn and the area between is filled in, the style is 
called fiU^-in or built-up Gothic. 

Roman. The style of alphabets in which the letters arc 
produced by thick and thin strokes is classified as Roman. 
The thick and thin strokes of this style give variety and letter 
characteristics which are easy to read; therefore, Roman 
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style lettering is widely used. In feet, most books 

conununicauon use this style of print. 

c. V?*. °I ^•y'" of lettering may be further 

etters, or lowercase. The terms "lowercase" and 

advTt^""''"'-^'" *^ P""'^"^ tade.'Sfo.. A 
adventof modem pnntmg, printers had to hand set their type 
They used a letter case with compartments to kip Ae 

Jm^ea" h^er^h' font (complete'set of type) sep^Sd 
rrom each other. The small letters of a font were keot in the 

owerpartofthe letter caseandthecapitalletteSkep^^^^ 
Ae upper part of the case. Thus, lowercase and uppeS 
bccamecommon usage for smaU and capital letters 

The pnnters and manuscript writers of Italy added another 
characteristic to the style of lettering. TTiey used a s3n. 
s^ke .nstead of a vertical stroke in Lr Ste^eslgn S 

^J^ f , "^^'"S characteristic slant. 

Styles of letters can also be distinguished by their eeneral 
pioportions. Although there is no stanS f^S 

S'lnlsiL'^H"' ^ ^"^-^ 

C th,t ^ and certain characteristics of individual 

S ^"T"*' ^f"** yo" attempt to compel 
etters into words and sentences. Not only do the STS 
letters in any alphabet vary, fiom I, the rZtowZ to W the 
widest, but different alphabets vary as a whol 
narrow m their proportion of width to height are cdlS 
ca^r«5.dorca«^„,erfandareusedwhenspa^ 
Styles widerthannornialarecaUederfcndirdlettenng 
The proporuon of the thickness of stem to the height varies 

^/.S.. ^ k" *'* Stems are called 

bghtface. Thus, besides the three main items used to 
designate any style of letter (basic fonn, u^^ 

arul vertical or slant), tenns such ks s^^S 



Exercises (013): 

1. Whatarc the styles oflettering most used today? 

2. What changes did printing have on lettering styles? 



^' in proportions of width to 
height arc called. or ictteis. 



SERIFS - 



STEM 



THIN STROKE. 
IHAIRLINE) 



ASCENDER- 



"^j^ -BOWL 



THICK STROKE 



4. Styles wider than nonnal arc called. 



. lettering. 



014. State the parts and characteristics of letters. 



SWELL •^^H 

DESaNDER ~, B 



TOP LOOP 
JOINING ELEMENT. 




HOOK 



BOnOM LOOP 



CROSS- STROKE 



Figure 3-1. Letter nomenclature. 



fi.ni^ ^f^** go ft'rther into letter 

fundamentals, we should go over the names of the varies 
parts of letters. This will give us acommon language to use in 
discussing lettering principles. The differt^nt pa,^ of leS 
S^KS^ ^^k" ■ ^ probably familiar with 
y~2roS.'"'""^°°^"*^'"^"^-»«- 
cK ^^V' ''"f^ ^'^f"' Shown on the top letter, 

vSt^i "f? '^'^ straight 

S»n w ^T"^ ^"f^ ^ 'Characteristic of 

Roman Ittteis The of a letter is the name for the straight 
Sit ""^ as a basis for most letters of Uie 

The next letter of figure 3-1 shows two names that are 
often used to describe parts of letters. When a broad nibbed 

iTrSS'^^T^-'^"' 't^usuaUyheldso that the nib 
^parallel with Ae Ime of lettering. Thei^foi^, when a 
downward stroke is made, the part of the letter produced is a 





Figure 3-2. Basic Icncring strokes. 



thick stroke. Naturally, a thin stroke is produced when the 
pen is moved horizontally or is turned so that the nib is moved 
edgewise down the paper as in the construction of the letter 
N. Sometimes we refer to the thin stroke as a hairline. 

The next two letters in figure 3-1 arc quite similar, so we 
can di^'^uss their nomenclature together The stem of a 
lowercase letter that extends above the body of the letter is 
called the ascender, and the portion of a lower case letter that 
extends below the body is called the descender. The 
combination of the ascender or descender and the body of a 
letter is the same height as a capital letter. The white area 
inside of a letter made w:th a curved stroke is called the bcwl 
or the counter of the letter. The curved portion of such letters 
is called the swell. The swell is often made slightly wider than 
the stem because it is thick only at one point, and appears 
thinner than the stem when made the same thickness. This is 
apparent in figure 3-1 where the swell is the same thickness as 

the stem. _ ^ i a 

Now let us look at the last two letters in figure 3- 1 . As you 
can see. the letter **g" has many additional parts with 
different names. However, the names are self-explanatory 
and need no further explanation. The final part of letters 
shown in the figure is the cross-stroke. This is the thm 
horizontal stroke of the lowercase letters f and t and capital 
letters A and X Sometimes it is used to refer to the horizontal 
strokes of the capital letters E and F. 



Exercises (014): 

1 . What are the seven parts of letters? 



2. Serifs are characteristic of what type letter? 



3. What is the curved outer portion of a lowercase letter 
called? 



3-2. Letter Formation 

There are three necessary steps in learning to letter. You 
must know the proportions and forms of the letters, the order 
of the strokes used to produce each letter, and composition— 
the spacing of letters and words. 

015. List the two elements and the six basix strokes of 
lettering. 

Elements of Letters. The letters of the alphabet are 
composed of two simple elements, with a few variations due 
to the shape of certain letters. The first of these elements is 
called the stem of the letter and is made with a single 
downward stroke. The second element is called the round or 
oval and is made with one or two strokes, depending upon the 
size of the letter being made. The basic strokes used to 
produce these elements are shown in figure 3-2. 

Stems. The straight lines, vertical or slant, which form a 
part of more than four-fifths of all the letters of the alphabet, 
are called the stems. This term does not apply to those 
horizontal straight lines which form a part of such letters as 
A. E. F. and H. The following i^les arc applicable in forming 

all stems: ^, , 

a. The stems are uniform in weight or thickness and have 
uniform height. When using a pen to produce letters, the 
width of the stroke is determined by the kind and size of the 
pen being used rather than the amount of pressure applied to 

the pen. , , 

b. The stems arc perfecUy straight without hooks or curls 

at either end. , i, , u 

c. The slopes of the stems are uniform and parallel to each 
other throughout any piece of lettering. 

Rounds or ovals. The second element in lettering is a 
perfect circle or a perfect ellipse with a well-determined ratio 
between its major and minor axes. A good proportion for 
width to height is 5 to 6. That is. the width of a parallelogram 
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4 
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Figure 3-3. Vertical straight line capitals. 



inclosing the ellipse should be five-sixths the height The 
elhpe should touch the four sides of the parallelogram at 
their midpoints. These proportions give what is termed a 
standard vertical or slant oval which, when properly 
combined with the stem, produces the normal or standard 






Combination of stem and oval. When you have 
mastered the technique of the individual elements, it becomes 
a simple task to combine the elements to form such letters as 
a. b. d n, r, and u. The secret of success lies chiefly in 
remembering that the stem becomes one side of the 
parallelogram. In making the stem tangent to the ellipse 
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Figure 3-4. Curved and curved straight line combination capitals. 
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Figure 3-5. Vertical lower case letters. 



remember that they must coincide with each other, but in no 
case should the thickness of the letter at the point of tangency 
be permitted to become greater than the thickness of the stem. 

Capital Letters* In learning the form of each letter and 
the sequence of stroke used to make each letter, let us begin 
with the capital letters that arc made entirely of straight hnes. 
These letters are shown in figure 3-3. Notice that, except for 
the W and the I, the letters have been placed withm a 
parallelogram which is divided into six equal spaces both 
horizontally and vertically. The letter I, being the basic 
vertical stroke, makes it possible for you to determine the 
width of each letter at a glance. The strokes with arrows 
beneath each letter show the dikection and order of strokes 
used to make each letter. As you can sec, the strokes arc 
usually made from top to bottom and from left to right. 

The position of the crossbar on the A, H, E, and F is ^ 
important consideration. Notice that the crossbar of the A is 
placed below the vertical center and that the crossbar of the H 
is slightly above the center. This is done to avoid a top-heavy 
appearance. Although it is not shown in this figure, usually 
the crossbar of the E and the crossbar of the F arc raised 
slightly to improve the appearance of these letters. 

Next, let us look at the wide letters M and W. The first and 
last strokes of the letter M arc vertical, and the center section 

of the letter is the same as the letter V. The alternate strokesof 
the lettcrWarc parallel. Notice that the two V-shapesusedm 
its construction arc narrower than a normal V. 

We should also discuss the characteristics of the Icttcra X, 
Z, K, and The strokes of the X cross slighUy above the 
center. This produces a slightly narrower width at the top of 
the letter than at the bottom and adds stability. The letter Z is 

Q lizcd by making the top stroke shorter than the bottom. 



Notice that the third strote of the letter K, if extended, vwwild 
pass through the top of the first stroke. The appearance of the 
letter Y is improved by making the branch of the letter below 
the vertical center. 

Now, let us look at the letters formed by curved lines and 
combination of curved and straight lines. These arc shown in 
figure 3-4. The only letters of this group that need special 
mention arc the letters P, R, and B. The center horizontal line 
of these letters is usually drawn slightly above the vertical 
center, and the top of the R and B is smaller than the lower 
part to give the letter stability. (This is also true of the top and 
bottom curves of the letter S.) Notice that the letters P, R, and 
B appear somewhat squatty. Their appearance can be 
improved by making them one square narrower. 

Small Letters. Seven of the small, or lowercase, letters 
arc made with straight lines. TWc arc made with curved lines, 
and the rcmaimng letters arc constructed with a combination 
of curved and straight lines. The lowercase letters of a Gothic 
style alphabet arc shown in figure 3-5. As you can see, the 
bodies of these lettera arc two-thirds the height of the 
capitals; and the long stems or ascenders, with the exception 
of the letter t, which is generaUy shorter, arc the same hei^t 
as the capitals. The descenders of the letters g, j, p, q, and y 
extend as far below the lower guideline as the ascenders 
extend above the body of the letters. 

Numerals. Figure 3-6 shows the numerals used with a 
Gothic style ali^ftbet. Notice the similarity between the 
bottoms of the 3, 5, and 8 and between the top of the 2 and3. 

The top of most numerals is smaller than the bottom. The 
height of numerals is always equal to the height of the capital 
lettera. 



"^^^'6 i^^^J '^^^1 [I^^Cj ^I^^I 




Figure 3-6. Numeiab 



Inchned Letters. Inclined or italic letters are made with 
ae same number of strokes and in the same sequence as 
iSJf^^L ^'^ shows some of thed!ings you 
Jo^know about inclined lettering. TTk stems of Snted 

Jtttomg are sloped so tiiat they make an angle of 67 " with 
ttKnornoBtalgukk^ 

IcttBis slope ata45'' angle. Figure 3-8 shows the form of die 
«ipit^ lowercase, and numerals of an inclined Gothic 
alphabet. Compare these with die vertical alphabet which 
you have just conq)leted studying. 

RoiMn Style Letters. Since Roman style lettering is 

Z^l2**iS-'™*?^'^f^'*'' ^Priniary concern when 
constnwmg tius style of letter is tiw placement of dre heavy 
and light strokes. For example, a very common error for 

Sr^'^^^^P'*^**' ^**P°«^°n °f «° A on *e wrong 
side. They darken Uic left slope rather than die right slope 
.K H^,^^ <an find a rule to determine which stroE; 
should be light and which strokes should be heavy. 

The d«ign of die Roman alphabet (see fig. 3-9) is based 
on tae reopen used during its development. Since die nib of 
dusty^of penis wideand is heldparaUd widi die horizontal 
lines of the paper, a downward stroke produces a broad Ime 
and a horizontal stroke produces a diin line. A rule stating 
thatdownwud strokes should be duck and horizontal stiofas 
shouU be dun works fine for die leoeis B, C, D, E, F, G, H, 
1, J,L,0, P, Q, R, andT, but does not workfordieletterUor 
with letters containing diagonal lines. 

JSn^.^ does not work witii letten 

owtaining(hagonalluies,startingwididieletterN,sh^ 
Je upper left corner of figure 3-9. If we used diis rule tiiere 
bod. wrtMl lines and die diagonal line would be duck. T^ 
vw)uldprodiK«alettcr out of character widi die odier leoeis 
Ifwmade die two vertical lines diickand turned tiiepcn and 
imdcdiediagonallinediin.wewoddhavealetterwidimuch 



die same character as die letter H, but one which would be 
vciywcak m design. The diick vertical strokes would have a 

tendency to divide die letter and would appear as part of die 
precedmgandsicceedi^ 

die N IS made duck and die pen turned sideways to make die 
]«t*Mlstrokesdun. ThisgivesdieNdie rightcharacteri^ 
and proAices a strong, well-designed letter. The last vertical 

stroke of die U is made diin fix die same reason 

Asyoucanseein figure3-9. dielettets A. V. Z. X. Y. M. 
w, and K also contain diagonal lines and deserve special 
consideration. Widi die exception of die letter Z, all dis^ 
lines which are made downward from left to right are diick 
and diose made downward from right to left are diin. You do 
not even have to remember which is diick and which is diin 
Just try drawingdiem. NoticehowmucheasieritistotumdHi 
pen to make the right-to-left diagonals dun dian it is to make 
the left-to-nght diagonals tiiin. However, you will have to 
twist j^ur wrist considerably to make die diick stroke of die 
letter Z. 

have several odier suggestions to offer you in rejard 
to his Roman style of letter. The beauty depends to a Jwit 
extent upon uniform, clear-cut spurs or serifs, and a uniform 
stroke of all die characters. Notice tiiat die serif is made widi 
a dun honzontal line across die end of each tiiick and diin 

stiofce and wrth circular arcs rounding off die area between 
die flat edge of die serif and die stem of die letter. Notice 

Aat Ac flat portion of die serif extends beyond die stems and 
ttat die arcs do not extend to die end of die serif They 

becoTO tangent midway between theedge of tiiestemand die 
endofthesenf. 

The wiAh ofdie round or oval Stems ofsucbletteis as O, 
c, G, and D is shghUy greater dian die straight stems. Since 
die round or oval Stem is full widdi at one point only, it will 
appear narrower dian die straight stem if it is not made 




Rgune 3-7. Inclined letter fomutkm. 



A B CDEFG 
HIJKLMNO 
PQRSTUV 
WXYZa 

abcdefghijkim 
nopqrstuvwxyz 
0123456789 

Figure 3-8. Inclined ict^ and miinenls. 

slightly wider at this point. Round letters, such as the O, C, 
andG» and pointed letters, such as the A and V, arc affected 
by the same optical illusion. The round parts of letters and the 
pointed parts of letters should extend slightly bqrond the 
guidelines to overcome this illusion; otherwise, these letters 
win appear smaller than the other letters. 

The dimensions of the lexers shown in figure 3-9 arc 
based on the width of the stem. As you can sec, these capital 
letters arc seven units high and vary in width. Study them 
until you are femiliar with each letter and its dimensions; 
then use figure 3-10 to become familiar with the lowercase 
letters. Notice that the long stems of the small letters arc 




equal in height to the capitals but are slightly narrower in 
width. Using a narrower width for small letters gives them 
the same general appearance as the capitals. 



Exercises (015): 

1 . What are the two elements of lettering? 



2. What is a stem? 



3. What arc the six basic strokes that are used in lettering? 



4. What is the standard slope of inclined letters? 



5. Why should the point of the letter A exter^I slightly 
beyond the guidelines? 




3^. Principles of Lettering 

lb be effective, lettering must be legible. This means that 
the letters must be well-proportioned, stable, uniform, and 
pn^rly spaced. We have already discussed proportions of 
letters during our discussion on forming letters. Let us 
review and add to this information. 



0i6. Specify the three principles of good letteHng. 







Figure 3-10. Roman lowercase letteis. 



Fkoportioo. As we said before, there is no standard for 
the proportoiis of letter. Some are taU and thin, some arc 
«iuat and thick, others are Ught, and stiU otheis are heavy 
Each style has Its own proportion of width to height and its 

own proportionof thin lines to thicklines. Each type ofletter 
may be used effectively under certain conditions 
•.•-P'^^.^i!*^**' usuaUy 10 times as 

highastbe wdfljof tfaeslems. Thethinstrokes oftheseletteis 
^eu^yhatfaswideasthethickstrokes.TT^heightof^ 
towCTcasc letteis are s«-tentiis the height of the rapitals. 
IUcse proportions give this lettering a sUghtJy heavy 
appearance, but one which is quite legible. 

♦h,?.!lIS^^^°°^'?^«'*'*'^<'*of*«s««n«wider 
ftantlK<MdItomanstyIe.ThecapilalIetten^ 

''♦ithesame time, the width 
ofthethm strokes ofthe letters is reduced to a thin line. Hie 
w^f^brtween the very thin and the very thick lines of 

^^?te^ *^ " P'*^"* ^ appearance 

,T«fi!^*i*^?..°!^ discussion of letter formaUon, we 
S;.^^ "^^^ ^ constructing ieir 

centers shghdy off center. The crossbar ofthe A is placed 
Wow center and the upper parts of the Y comicct to the 
lower steni below center to stabilize these letteis The 
crosses of the H, E, and F are placed sUghdy above center, 
^n^SF^'*'^ of the P, R, B, X, and S aii made smaUe 
^^"^^ to give these letters a more stable 
appearance. The tops of the letteis K, X, and Zare made 
narrowerthanthebottomsfbrthesamerej^n. 
^'fVormity. Perhaps the most importantprincipleof good 
lettermg is the principle of uniformity. As stated in figure 



inclination, and spacing is 
^ • We can add to this by SclutUng 

Mifbim weight of lines as a requirement for good lettering 
Now,l«usseehowtheseprinciplesareappli^. ^ 

h-sSr*^'^?**'^''- way to insure that the 

hei^ and mcbnation of lettering are uniform is to use 

shouM draw bght horizontal lines indicating the top Ind 
^ of capital letters. If your lettering incte both 
«PJJ1 and lowercase letters, you add another horizontal line 
indicatmg die height of the lowercase letteis. Rgure 3-12 
^ you bow to use dividers to obtain uniform spacing of 

A^guidehnw. After you have determined the heigirtof the 
lettering and the space between lines of lettering, you set the 
^L'.^ equal to this height and ^L. Sen! 
Stertmgatthebottomofthefirstlineoflettering,youstepoff 
fte number of lines desired, as shown on the left side ofthe 

^"^.^^ ?! ^F^- "^n' *e same setting, you 
starti^thetopofthefirstlineofletteringandstepoffthelS 
Bl^^„*^-^'^^'^°"*''"«^'^"''of*«verticalline. 

^u^n^i^T""^.^ P°'"^ established, 

St^S guidelines for the height of 

«pital letters. If you want a guideline for lowercase leteis 

o"Snf •'"^^ letteisTtielS; 

If 5™^ ^***''n "seAe divider as youdid before. 
If you have many lines of lettering to do, you will find that 

SfZ^^ fuh " »d timesaving. The 

top-left section of the figure shows how to use this instnmient 
m conjunction with a T-square to draw properW^JJ 
horizontal guidelines. You insert the poinf of'^oJr S 
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Figure 3.11. Uniformity. 
I' S5 
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Hguxc 3- 12. Using dividers to space guidelines. 

through one of the holes and the instrument slides along the 
T-squaie as you move the pencil across the page. The 
enltiged drawing of the instrument in die lower part of the 
figme shows die details of bow die instrument is used . Notice 
die duee rows of holes in die circular disc of die instrument. 
The hcdes indie cettter row lie equally placed and are used to 

dnw equally ^MK»d guidelines. The two outside rows are 
used for drawing bodi capital and lowercase guidelines. The 
left row gives a proportion of 3 to 5 for lowercase and coital 
leocis, and die right row gives a proportion of 2 to 3. 

The design of diis particular lettering instrument permits 
you to use it for lettering ranging in height from 2/32 to 10/32 



inch. These various heights are attainable by rotating die 
circular disc within the outer section of the instrument. The 
numbers along die bottom edge of the disc are used to set die 
instrument for a particular letter height. The number aligned 
widi die index on die outer section of die instrument indicates 
die height of die lettering in diirty-seconds of an inch. In 
figure 3-13, die number 8 is aligned whh die index; 
therefore, the distance between the capital letter guides 
produced by this setting is 8/32 inch or 1/4 inch. 

By standing die instrument on its greater sloping side, you 
can use it for drawing guidelines which slope at an angle of 
67V4° widi die horiiontal (see die upper-right portion of 
figure 3-13). Of course, you can always use a triangle and 
T-square to draw ttiese lines if a lettering instrument is not 
available. The setup of the triangle and T-square is shown in 
figure 3-14. 

S^padng. It is so important to obtain imiform spacing in 
lettering that we will discuss die principles of spacing as a 
separate topic. 



Exerci8es(016): 

1 . What are die three princqiles that must be considered in 
the design of good lettering? 



Which of die diree principles is considered the most 
important? 




Rgure 3-14. Drawing dircaional guidelines for inclined letters. 



3. What is the easiest to keep the height and inclination 
of lettering uniform? 



4. How does rotating the disc on the lettering instrument 
affect the letters? 



3-4. Principles of Spacing 

Since we see things that are close together as a unit rather 
than smgle items, the letters making up the text of a page of 
lettenng appear to us as words rather than individual letters. 
If It were not for the spaces between words, this would not be 
so. Without these spaces, we would see only Unes of lettering 
which would be almost impossible to read. Improper spacing 
between letters of words produces a like effect by breaking 
up words into groups of letters without meaning. Therefore, 
we can conclude that proper spacing of letters and words does 
more for the appearance and legibility of a block of lettering 
than the forms of the letters themselves. 

Since the letters of the alphabet vary in shape, the letters in 
words cannot be spaced at a uniform distance from each 
other. They are arranged so that the areas of white space (the 
megular backgrounds between the letters) are approximately 
equal. Each letter is spaced with reference to its shape and the 
shape of the letter preceding it. Adjacent letters with straight 
sides are spaced farther apart than those with curved sides 
Sometimes combinations such as LT or AV m^ even 
overlap. Definite rules for spacing are not successful; it is 
more a matter of judgment and sense of design. 

017. Spedfy tile principles of lettering layout. 
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I rm rm rm rrn rni 

NINNI 



NONE 

m m rm 

NONE 



m n 
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NOON 
LTAVJ 

LAJYT 



Rgure 3-15. Spacing between capital letters. 
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SPACES BETWEEN WORDS 
SHOULD BE EQUAL TO THE 
WIDTH OF THE LETTER 0. 

Figure 3-16. Spacing between words. 




innr. nf k^llgftng 



Figure 3-17. Spacing between lines. 



Spacing Between Letters. Let us use the lettering in 
figure 3-15 to go over some of the important details of 
spacing. Lettering will form words more successfully if the 
area of spaces between the letters is equal to the area inside 
the letters. For example, look at the first two lines of figure 
3-15. In the top line, after eliminating the area occupied by 
the diagonal line of the N, we divided the area between any 
two parallel sides into three equal parts. We used these 
divisions to arrive at the desired spacing between the N and 
the I, between the I and the N, etc. Since the spaces between 
the letters and within the letter appear to be equal to each 
other, the letters are seen together as one word. 

Look what happens in the second line. Notice that the 
letters are still the same three measured units apart, but 
because the round letter O does not occupy the full area of a 
straight-sided letter, the area between the N and O appears 
much larger than the area between the N and E. When we 
reduce the distance between the N and O to two units, as 
shown on the third line, the spaces appear equal. Notice how 
much better the letters form the word NONE in the third line 
than they do in the second line. Reducing the distance 
between two round letters to one measured unit» as shown in 
the fourth line, produces the same effect. 

The spacing of letters that have odd outlines deserves 
special consideration. When certain of these letters follow 
one another in a word, obtaining good spacing between them 
is no problem. The easily spaced combir^ations are shown in 
the fifth line of figure 3-15. The design of these letters even 
permits overlapping to obtain the desired spacing. The 
combinations shown in the last line of figure 3-15 present a 
more difficult problem of spacing. In fact, you may have to 
shorten the horizontal stroke of some letters to obtain good 
spacing. For instance, the cross stroke of the L and T can be 
shortened to obtain better spacing between the LA or a YT 
combinations. As we said before, it is a matter of using good 
judgment rather than a set rule. 

Spacing Between Words. The spacing between words is 
as important as the spacing between letters of words. There 
must be enough space to separate letters into words, but the 
space cannot be so large that it tends to force us to read orie 
word at a time. A good general principle to follow is stated in 
figure 3-16. Some letterers like to use the letter N for this 
purpose, and others obtain correct spacing by sketching in a 
conecfly spaced letter I. Using the O is much easier and 
quicker, since you need to make only a circular movement 
above the paper next to the last letter of the word. 

Naturally, the design of the last letter of a word and of the 
first letter of the following word must be considered in 
determining the amount of space you leave between words. 
You should leave a space equal to a capital O between two 
ftiU-hcight, straight-stemmed letters, such as H and £, or d 
and Of course, if one or both of the letters are curved, the 



space should be appropriately reduced. If the two letters 
involved are lowercase letters, use the lowercase letter o to 
determine the width of the space. If one lowercase letter is 
fiiU height and the other lowercase letters are waist high , such 
as in the words ' *bid now " or ' *cn him, ' ' the space would be 
equal to half a capital O and half a lowercase o. 

Spacing Between Lines. The clear distance between lines 
may vary from 1 /2 to 1 Vi times the height of the letter, but for 
sake of appearance it should not be exactly the same as the 
letter height. The lettering mstrument provides spacing that 
is two-thirds of the letter height. As you can see in figure 
3-17, this spacing allows room for descenders of lowercase 
letters and still maintains a clear space of 1/3 letter height 
between the descenders and capital letters or ascenders of 
lowercase letters of the following line. 

Centering. Since the letters of an alphabet vary in width, 
it is rather difficult to center a line of lettering in a given area. 
Ending a line of lettering at a particular point is equally 
difficult. Figure 3-18 shows one way of solving this problem. 
First, take a piece of scratch paper and letter the required 
line. Then, place this line of lettering above the area in which 
your lettering is to go and center it. Finally, use the sample as 
a guide to lettering the desired line. 

Exercises (017): 

1. When lettering, why must you vary the width of ihe 
spaces between letters? 



2. What, if any, is the difference in the width of the space 
between the words **send by'' and the words **go by''? 



How many guidelines should you use for each line of 
lowercase lettering? 
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CENTERII(JG LINES 

Rgure 3-18. Centering a line of lettering. 
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HEAVY HAND 

PRESSURE ON PEN SPREADS 

THE POINTS AND ALLOWS INK fV : 

TO FLOW TOO RAPIDLf, 

RESULTING LINES ARE WIDE AND UNEVEN 



WRONG 




LIGHT TOUCH 



WHEN ONLY SLIGHT PRESSURE 
IS USED THE LINES ARE THIN AND EVEN 



RIGHT 




Rgurc3-19. Using a lettering pen. 



3-5. Lettering Tools and Their Uses 

As mentioned before, the trend in lettering is toward 
simplification and speed of production, and the style of 
lettering is influenced by the tools used to produce it. 
Therefore, let us discuss some of the tools of lettering and 
their uses. 



018. Cite characteristics of good penciling and of good 
pencU^holdlng techniques. 

P^neils. Good pencil technique is as essential in lettering 
as in drawing. The quality of lettering is important, whether 
it appears on finished work to be reproduced by one of the 
printing processes or as part of a pencil drawing to be inked. 
Penciling must be clean, firm, and opaque. The lettering 
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pencil should be selected carefully by trying it out on the 
paper. In one instance, the same grade of pencil may be 
chosen as that used for the drawing; in another, a grade or 
two softer may be preferred. You should sharpen the penci» 
to a long, conical point and then round the lead slightly on tlie 
end so that it is not as sharp as a point used for draw<*ng. 

The first requirement in lettering is to hold the pencil or 
pen correctly and comfortably. Place the thumb, forefinger 
and second finger on alternate flat sides and rest the third and 
fourth fingers on the paper. Draw vertical, slanting, and 
curved strokes with a steady, even finger movement. Draw 
horizontal strokes with similar movements, but with some 
pivoting of the hand at the wrist. Exert pressure that is firm 
and uniform but not so heavy as to cut grooves in the paper 
lb keep the point symmetrical, form the habit of rotating the 
pencil after every few strokes. 
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Figure 3-20. Built-up letter. 



Exercises (018): 

1. Penciling must be. 



_,and. 



2. What is the first requirement in lettering? 



019. State the characteristics of lettering pens. 

Lettering Ptens, There are many pens that are made 
specially for lettering. Lettering pens have points or nibs that 



♦THE COMPLETE ASSORTMENT OF SPEEOBAU PCNS» 



STYLL A SQVMll TIP9 

*or .^"q'jji^ oothic jnd Block [c\k\i 



sryLC B ROUND tips 

torRo'jnd Got hicsc'Unifoifn. lines 




S 4 5 Z I 0 

I i .L .L i. L 



5 4 3 2 1 0 

1J.J.J.J.J 




(the only pens wttk a dtsti^Buting reservoir over nailut^ tip) 
54&Z10 5432 10 






Smt C OfilONG T1P9' 

for i^onum Text M Sh^dci \\2k'^ 



STYLE D OVAl TIPS 

tor ftold Po7i,)fi ]cx\s ^ -ti 



Figuit3-21. Speedbtlipens. 



Si f!*" P^'""" °f general purpose pens. The 

Steel nibs of lettenng pens are cut in different shapes. The 
size and shape of the nibs detennine the size and style of 
letter you can make. We will fim look at how to ui Ae2 
lettenng pens, and then we will discuss the four general types 
of lettenng pens: speedball, text writing pe^, tSiS 
fountain pens, and felt tip markeis 

Dreferr^nT u^^l""' ^"^^ '"^ « P^^ho'de"-- Many 
pen into the ink botUe. If you dip the pen, you shoffi shake 

neckof thebottleas you withdraw it. Lettering with too much 

r ^^^^y "^"^^ in Wot4 or bSg 
especially where two lines meet. wccamg. 

When lettering with a pen, hold the penholder finnlv but 
without pinching (see the bottom illusStion of fig 3-19) 

^^.^■T"^ ?/**^ '""^ ' «ven motion 
with a shgh umfonn pressure on the paper that will not 

the nght and wrong way of using the pen 

rnj!Ll'^V°- «t«raely important when using a 
common lettenng pen to make filled-in or built-up letter 

SnZ-"^t"^''""'?"^°"°f«8»^3-20,thetipofth1pe^ 
S • ,5««ly ^"'^h paper. ActuaUy, it is better if Ae 
point ,s held so that it touches only the ink, because then it 
cannotpickupfiberfxomthepapeJ Hereish^y^sS 
use fte pen for this type of operation. Rist, apjly a eood 
supplyofinktothecenterof the Stem. Then, JSerJ.Ef 

wnr^r *tP<=">';^ ^ forth through the supoly of ink 

Then, nini the paper around and work the ink to the other 
edge Never toy to work the ink toward your hand; always 
work It away from your hand. ^ 
SpeeiftaU Ptens. These pens (see fig. 3-21) come in a 
vanety of sizes and shapes identified by a letter and number 
The nibs of the type A speedbaU pen fonn a flat, square 
wntong surface, the strokes made by this type of pen have 





Rgure3-23. Tfcxt writer pen. 

unifomi width and square ends. The nibs of the type B pen 
form a round writing surface, and the strokes have uniform 
width mid round ends. The nibs of the type C pen, shown in 
ngure 3-22, fonn a chisel-shaped point which produces thin 
and thick stoDkes. Therefore, this type point can be used to 
make Roman style letters. The D-type speedball pen is 
simJar to the B-type, except that the mbs are oval in shape 
The Irtteis produced by D-type pens have thin strokes which 
are only slightly thinner than the thick sttokes 

You probably noticed that speedbaU pens arc equipped 
with a brass clip that serves as a weU for the ink. Use Ae quiU 
attached to the stopper of the ink bottle to fill the well and 
keep the outside of the mbs clean. Wipe the pen often with a 
piece of linUess cloth while you arc working, and clean it 
carelijliy before you put it away. 

n ^^^^ '^"^ pens are sunilar to type 

C spwdbaU pens. They are made of much thinner steel and 
tnerefore produce a much sharper stroke. The nibs of the 
pens are angled so that they touch the paper when the pen is 
held m a natural writing position (see fig. 3-23) 

You will find that both the position of the pen and the 
wortang surfece are important when using either the text pen 
or spwxibaU pen. The caUigraphere of the Middle Ages 
worked with an angle of about 60». At this angle, you see Ae 
lette.'i m true size and shape; that is, you do not see them 
foreshortened. As you can see in figure 3-24, the position of 
the p«i IS almost horizontal when the writing surface is 
Slanted 60 . This is important to the proper flow of ink At 



Figure 3-22. Using a speedball pen. 
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Figure 3-24. Angle of lettering surface and position of lettering pen. 
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this slight angle, the ink flows smoothly and is not as apt to 
flow excessively as it would at a steeper angle. 

Ifechnical Fountain Pens. Several manufacturers make 
technical fountain pens. These pens are very convenient for 
ink lettering and ink drawing. The advantages of these pens 
over ordinary pens is their great ink holding capacity. We 
will look at the main parts of the pen: the point assembly, the 
head assembly, and the ink reservoir (see fig. 3-25). 

The point of this pen is specially designed to provide a 
constant flow of ink when it is in contact with the drawing 
surface. The point is a hollow tube that has a free floating 
cleaning pin that runs through the center (you can see a small 
portion of this protruding through the pen point). When the 
point of the pen is in contact with the drawing surface, the pin 
is pushed back. This arrangement allows the ink to flow 
smoothly through the head assembly and the pen point. The 
cleaning pin is weighted and will move when the pen is 
shaken. 

The point and cleaning pin are connected to the head 
assembly. This assembly has inclined grooves with a small 
hole on its outside surface. These two properties allow the ink 
to flow from the reservoir to the pen point. 

The ink reservoir is simply a plastic barrel that fits snugly 
over the head assembly and is secured with a lock nut. lb fill 
the reservoir, unscrew the lock nut, remove the reservoir 
barrel, fill the reservoir, and replace it by reversing the 
removal steps. 

When using a technical fountain pen, you must hold it so 
that it is perpendicular to the drawing surface at all times. If 
you don't, the point will wear unevenly and form an elliptical 
orifice in the pen point. With the point in this condition, you 
will never be able to draw lines of consistent widths. 

Felt Tip Markers. Even though felt tip markers arc not 
truly pens, they arc a very valuable lettering tool. They offer 
a very wide range of color, size, and style possibilities. Felt 
tip markers are efficient and inexpensive, and in the hands of 
an experienced illustrator, they can be used to create some 
striking effects. 

Felt tips are made 'n two styles: refiUable and disposable. 
They consist of a plastic or metal tube that has a cotton wick 
inside it. The wick extends through the end of the tube and is 



shaped to form a lettering tip. The v/ick is then saturated with 
ink and the tube is then sealed. 

There arc many advantages for using felt tip markers. 
These markers are readily attainable through normal supply 
channels, they are inexpensive, they are maintenance free, 
and they are disposable. Their main advantage is their 
versatility. Felt tip markers arc very adaptable to ail styles of 
lettering. Their only limiting fector is your own imagination . 

The refillable felt tip marker is basically the same as the 
disposable type. The two types differ in that the one type is 
nondisposable and has a flow valve that allows the ink to 
reach the paper. The flow valve on the refillable marker is 
located internally between the tip and the barrel reservoir. 
The tip is spring-loaded and is connected to the flow valve. 
When you depress the tip, the valve opens and lets the ink 
flow into the tip of the pen. You can control the amount of ink 
by varying the amount of pressure you apply to the pen tip. 

The felt tips arc interchangeable on the refillable marker. 
This gives you the advantage of having many sizes and styles 
to suit your every need. The only disadvantage of this marker 
is the time it takes to learn how to control the ink flow. Once 
you have mastered the techniques of ink flow, the refillable 
felt tip marker will become a very versatile lettering tool. 



Exercises (019): 

1 . List four pens used for single-stroke lettering . 



2. What determines the size and styles of lettering you can 
make with any given pen? 



3. Why is a light touch important when using a common 
lettering pen? 



4 . How arc text writing pens different from speedball pens? 
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LEHERIKG BRUSH 



Rgurc 3-26. 



5. What arc the three main parts of a technical fountain 
pen? 



6. What is the main difference between the two types of felt 
tip marker? 



020. Specify the characteristics oflettering brushes. 

Lettering Brushes. Lettering brushes, as we have 
previously discussed, are designed to meet the specific needs 
associated with brush lettering. The bristles are long and 
squared off at the ends. The long bristles are used to hold 
enough paint to complete an even stroke. The length of the 
bristles also absorb the natural shake of your hand. The 
squared tips are designed to allow you to start and complete 
your bmshstrokes crisply and neatly (fig. 3-26). It takes 
practice and dedication to master the task of brush lettering. 



The two most important things in brush lettering to begin 
with are how to load the brush and how to hold it properly. 
You can't make a proper brushstroke if you don*t have 
enough paint on your brush, lb load your brush, you firet 
have to thin your paint to a workable consistency. Place a 
small dab of paint on a nonabsorbent surface. Drag the 
bristles of your brush through the paint. As you drag the 
brush through the paint, roll the handle slsshtlv back and 
forth between your fingers. This "wiggle'' will separate and 
align the bristles and will load the brush with as much paint as 
it will hold. 

A light grip is all that is necessary when using a brush. (If 
you grip the brush too tightly, you will have a greater 
tendency to shake.) Hold the brush between your thumb and 
forefinger at the ferrule. Holding the brush in this manner 
will allow you to rotate the brush when you make the round 
strokes for curved letters. You should also hold the brush 
wift the label (embossed lettering) up so that you can read it. 
This gives you a point of reference and forces you to keep the 
bristles aligned the same way each time you use the brush (see 
fig. 3-27). 




PROPER BRUSH HOLDING TECHHHIUE 



Hgute3-27. 
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Figure 3-28. Mechanical lettering instnimcnt. 



ExercbesCOlO): 

1. How do lettering brushes differ in form and function 
from painting brushes? 



2. Why are the bristies in a lettering brush longer than those 
in painting brushes? 



3. Why should you hold your lettering brush with the label 
up? 



3-6. Mechanical Lettering Sets 

When freehand lettering techniques are not appropriate 
for the type of work you arc doing, it may be necessary to use 
one of the four types of mechanical lettering. Because 
guidelines arc not required, uniform and legible lettering can 
be produced more rapidly than by any freehand method. 
Mechanical lettering is used principally for drafting tiUe 
blocks, marginal data for maps and special drawings, charts, 
graphs, and photographs for reproduction. 

There are several brands of mechanical lettering sets on 
the market today. Some of these go by the names of LeRoy, 
Letterguide, Varigraph, and Wrico. The operation of these 
lettering sets is basically the same, so we will focus on the 
LeRoy type only. 



•21. Specify the bask componeiits of a mechanical 
ldterii«Mt. 

Lettering Set. A standard lettering set consists of a set of 
templates, a scriber, and a set of pens. A typical setup is 



shown in figure 3-28. The templates arc made of laminated 
plastic with characters engraved in the face so that their 
component lines arc guide grooves for the scriber. The height 
of the characters, in thousandths of an inch, is given by a 
number on the upper righthand side of the template. The 
range of character heights offered by a standard set of 
templates is from 80 (0.08 inch, or %4 inch) to 500 (0.5 inch, 
or Vi inch). The scale at the bottom of each template has the 
zero in Ae center and is arranged for proper spacing in 
relation to character heights. The distance between 
consecutive scale divisions represents the area required by a 
normal letter. 

A standard set of pens for producing various line weights 
consists of 1 1 sizes, ranging from 000, the finest, to 8N. Each 
pen is composed of two parts— the ink reservoir, or pen well, 
and the cleaning pin (sec G and H , fig. 3-28). The reservoir is 
a series of connected tubes of decreasing diameters, the 
lowest establishing line thickness. The cleaning pin acts as a 
valve and protrudes beyond the edge of the bottom tube 
when the pen is not touching the drawing surface. When the 
pen is in this position, tlx inJc docs not flow. When the pen is 
rested on a drawing surface, the cleaning pin is pushed up, 
allowing a flow of ink. Action of the pin in the tube minimizes 
ink clogging. 

The scriber (sec fig. 3-28) holds the pen in alignment and 
controls its motion as the tracing pin (A) is guided through the 
character grooves of the template, and the tailpin (F) riding in 
the straight groove of the template. TWo types of scribcrs are 
available; one is adjustable and the other is fixed. An 
adjustable scriber produces vertical and inclined letters from 
a single template; a fixed scriber produces only vertical 
letters. Except for the locknut, the fixed scriber consists of 
the same components as the adjustable scriber. These are a 
tracing pin (A), pen socket (B), socket screw (C), adjusting 
screw (D), locknut (E), and tailpin (F). 

The following table gives the reconuncndcd combinations 
of pens and templates. If a heavier line weight is required, do 
not use a pen more than two grades above the recommended 
size: 
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Template Number 

80- 

100 

120 

140 

175 

200 

240 

290 

350 

425 



500 



Pen Number 
00 

- 00 

0 

.... 1 

.... 2 

.... 3 

.... 3 

— 4 
.... 4 
.... 5 
.... 6 




The rules for freehand letter sizing and spacing apply to 
mechanical lettering. For blocks having more than one line of 
lettering, horizontal baselines may be drawn at intervals for 
the proper spacing between lines. 

lb center a line of lettering, arrange the lettere 
symmetrically about a vertical centeriine. Here is how you do 
this. First, count the number of letters in the line, add 
one-half for spaces betweeen words, and subtract one-half 
for each letter I. Select the template with lettere of the desired 
size and place the zero of its scale on the vertical centeriine. 
Mark the number of divisions equal to half the number of 
lettere in the line, firet to the left and then to the right of the 
zero. This indicates the starting and finishing points. 

The pnxedure for using the mechanical letterine set 
follows: 

a. Loosen the socket screw. 

b. Select the appropriate template and the pen 
recommended for it. 

c. Insert the pen in the pen socket so that its shoulder seats 
up against the scriber arm, and tighten the socket screw. 

d. Loosen the adjusting screw locknut and fill the pen 
reservoir with drawing ink. 

e. With the template edge against a T-square, set the 
scnber tailpin in the straight groove of the template and the 
scriber tracing pin in the groove of the appropriate character. 

/ Using a piece of scrap paper for trial lines, regulate the 
adjusting screw until the cleaning pin is pushed far enough 
back to allow the ink to fiow freely. If the pin is pushed back 
level with the end of the tube (that is, if no clearance is 
provided and the tube is allowed to rest against the drawing 
surface), ink will not fiow smoothly. The amount of 
clearance varies with the consistency of the ink and the nature 
of the drawing surfecc. When trial lines are produced, 
tighten the adjusting screw locknut. 

g. Proceed with the lettering by moving the tracer pin in 
the desired character groove, but at the same time keep the 
tailpin in the straight groove. Spacing between lettere and 
words is done by eye and involves the same considerations of 
equal letter areas as in freehand lettering. 

Now let us go over the techniques that you should develop 
to use thelettcringset properly. Hold the T-square in position 
with the ball of your left hand against the blade. Use the 
fingers of your left hand to hold the template against the 
working edge and to change the position of the template when 
neccssaiy. Hold the scriber between the thumb and firet thiee 
fingere of your right hand. You can rest your little finger 
cither against the scriber or against the edge of the template. 




Figure 3-29. Curving a line of lettering. 

The following are some important facts to remember 
when using a lettering pen: 

a. Keepthereservoirbetwcenl/4and3/4fulI;toolowan 
ink level results in irregular lines. 

b. When the pen is filled and not in use, place it so that the 
tip is not in contact with any surface. 

r Before you reuse the pen, twiri the cleaning pin in the 
tubv. to loosen any clotted ink. 

d. Never use pressure on the scriber if the ink does not 
flow. 

e. Check the adjusting screw setting and the reser\'oir 
level. 

/ lb make fractions, use a template one size smaller than 
that used for whole numbere. 

Maintenance oflettering pens is simple. You should clean 
the pens with running water and store them in their 
containere. If water does not clean the pen satisfactorily, use 
a diluted solution of ammonia. Handle cleaning pins with 
care because they are fragile and bend easily. 



Exercises (021): 

1. What are the standard components of a mechanical 
lettering set? 



2. How many pens are there in a set? 



3. What is a tailpcn? 



3-7. Prepared Lettering 

For our final discussion on lettering, let*s look at some of 
the mechanically produced handset lettering methods used in 
the field. These methods include photocomposing machines 
(both manually operated and computer-generated), pressure 
sensitive dry transfer lettering, cut-out adhesive-backed 
lettering, and typewritten copy. 



022. Cite two advantages of using prepared lettering* 

Lettering Procedure. Prepared lettering can be used as it 
comes from the press or printing machine by merely cutting it 
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Figure 3-30. Using lettering sheet. 

out of the printed page and pasting it in place on your drawing 
or layout. It can be changed from a straight line of lettering by 
the method shown in figure 3-29. 

The following procedure is used to change a straight line 
of prepared lettering into a curved line: 

a. Draw a curved line where you want the lettering to go. 

b. Cut the line of lettering from the page of print, making 
sure that the cut edges are parallel to the top and bottom edges 
of the line of lettering. 

c. Draw another line parallel to the first line at a distance 
equal to the distance between the bottom edge of the lettering 
and the cut edge of the strip. (M the line lettering is to be 
curved opposite from that shown in fig. 3-29, this line should 
be above the first line.) 

d. Using a sharp knife or razor blade, make cuts in the 
strip of lettering between letters. Be careful to leave a small 
portion of the strip uncut. 

e. Apply rubber cement to the back of the strip and to the 
surface of the paper to which the strip is to be attached. 

/ Center the strip on the midpoint of the curve and align 
the edge of the strip with the curved parallel line. 

g. Being careful not to let the strip touch the paper except 
at the point of alignment (you may have to insert two pieces of 
tracing paper edge-to-edge between the strip and paper, and 
peel or slide them back as you go), use the point of an Exacto 
knife to bend the strip until the bottom edge is aligned along 
the parallel line. You should start at the center and gradually 
work toward the ends. As you get each portion of the strip 
aligned, apply pressure to that portion so that it will adhere to 
the paper. 

h. When you get the strip completely aligned, white 
around the edges of the strip to eliminate shadows. 



Lettering Sheets. When only a few letters or words are 
needed on a drawing or layout, lettering sheets can be used to 
great advantage. A large collection of alphabets, numbers, 
symbols, etc., in various sizes and styles is available under 
different trade names. These can be ^plied directly to the 
finished artwork. The characters are printed oncellophane or 
acetate sheets with a waxed back and are easily transferred to 
any smooth surface. You merely position the sheet over the 
drawing so that the letter to be transferred is correctly 
positioned, rub the area over the letter, using a glass or plastic 
burnishing rod, and lift the sheet from the drawing. The letter 
remains adhered to the paper. This process is shown in figure 
3-30. 

You must be careful when burnishing a letter that you do 
not rub over a letter previously transferred. If you do, the 
letter or part of it will be transferred back to the lettering 
sheet. 



Exercises (022): 

1 . Cite two advantages of prepared lettering. 



2. What is the greatest advantage of transfer lettering 
sheets? 



3. What may happen if you rub over a letter that has already 
been transferred? 



3-8. Photo Composing Machines 

Photo composing machines are used to produce type copy 
that is used on layout or finished artwork to be reproduced. 
There are two types of photo composing machines in use in 
the military today: manually operated and computer- 
generated. 

Because there are so many different types of photo 
composing systems in use, it would be impossible to explain 
the operating procedures for each system. You should learn 
to operate the particular machines in your section by sttidying 
the operator's manual that is supplied with the machine and 
by supervised on-the-job training. We will discuss the basic 
operating principles for both the manually operated and the 
computer-generated photo composing machines. 

The typed copy from photo composing machines is 
printed on photo-sensitized paper or on film. P^per comes in 
rolls of 100 and 75 feet, film in rolls of 50 and 35 feet. The 75 
feet paper rolls and the 35 feet film rolls both have adhesive 
backs. The film copy is a positive transparency— black letters 
on a transparent background. Such copy is ideally suited for 
silk screen, gravure, and visual aid processes. 

023. SpecMy correct from incorrect procedures for 
preptdng the nuunudly generated composing madiine 
for operation. 
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Preparation for Operation. The following acceptable 
Steps are used to prepare a typical nhoto composing machine 
ror operation: 

( 1) Mix the developer and fixer solutions. 

(2) Rll and insert the development tank. 

(3) Load the machine with pap^r or film. 

(4) Insert the typemaster. 

(5) Set the lighthouse opening. 

(6) Set wordspacing dial. 

(7) Set letterspacing dial. 

(8) Set line position selector knob. 

(9) Set ficnt switch. 

(10) Set ejqwsurminder. 

(11) Set line length dial. 

The chemical for the solutions used with the photo 
oomposmg macnine comes in powder form to be dissolved in 
vrater according to the instnicUons printed on the packages 
These hqutd concentrates are mixed 1 part powder to 3 rarts 
water to form the solutions used in the developing taiAA 
mark on the tank indicates the level to which you fiU the 
separate compartment with developer, fixer, and water. 

To pr-oare a box ofpaper for insertion into the machine 
toosen ^^uterbondandpuUouttheJeadstripuntiltheinner 
bond IS broken. Then insert the rounded end of the backup 
Stop , bent up pointing down , into the paper box slot between 
UK top of the box and the paper, feeding the entire length of 
UK stnp uito the box until the opposite end hooks over the top 
edge of the paper box slot. ^ 
To insert the paper in the machine, raise the front cover 
and the lighthouse. Pull out the paper feed clutch knob. Insert 

&!ST^i^?!^'l*"-^^**^P*P«^"'""' as shown 
m figure 3-3 1 , and feed the paper uwiemcath the flret guide 
along the paper channel, underneath the second guide, and 
mto the machine. Lower the lighthouse and front cover, 
leaving the bottom half of the front cover raised 

To insert a typemaster, raise the lighthouse and the front 
cover slighfly. Insert the typemaster as shown in figure 3-32 
posmomng it so that the drive plate's center locating pin 

'"to t't Sfe' IS?^ " ^"^^ °f 

to set the lighthouse opening, move the lighthouse 

opening control lever to the setting indicated on the 

typemaster. Make sure that the lever snaps into position 

The wordspacing dial should be set, using the ianre 
numbers on the right side of the dial and turning the 
wordspacing knob untU the number on the dial that 
corresponds to the point size of the typemaster being used is 
aligned with the indicator mark. To obtain correct letter 
spacing, turn the letterspacing knob until zero on the 
letterspacing dial is aligned with the indicator mark 

The line position selector knob has six setting positions: 
IN, A, B, C, D, and E. The N setting is used for all 1-line 
typemasters and for the composition of repetitive copy with 
miduline typemasters. The A and B settings are for top and 
bottom lines, respectively, on 2-line typemasters. The C, D 

^^'^f'"^' "TJ"' ^P' ^ bottom lines, 

respectively, on 3-lme typemasters. Correct settings are 
indicated on all multiline typemasters. 

The exposurminder is set by pressing die read button and 
ftirnwg the adjust knob until the meter needle is at 5 on the 
dial. This sctung is normal for all composition 




Figure 3-31. Inserting film. 

In multiline composition, aU lines must start from the 
same starting point. To assure accuracy of left numdns 

brought to the indicator from the left. To make the settine 
manually, turn the dial to 6; then turn the paper feed knob 
clockw^e until zero is aligned with the indicator hairline 
llie following steps are used to compose copy: 

(1) Tlirn the print-space leve' ^ Ae PRINT position and 
release it immediately. 

(2) Repeat die same procedure for each letter in the word 

(3) Move the print-space lever to the SPACE position for 
spacing between words. ^ """lor 

(4) After composition has been completed, turn the paper 
f^ knob until 7 inches of paper is fed into the machii2to 
miSsm* character printed beyond the cutting knife 

(5) Raise the cutoff and feed lever and hold it up until the 
red develop light goes on; then release the lever The 
developing process will start and is completely automatic. 

Exeirc{se3(023): 

1. Son out the incorrect from the correct preparatory 
procedures for operating a typical photo composing 
machine, then correct the faulty procedures. (Note that 
these steps are not intended to be put into a sequential 
order.) List (by letter) the incorrect, then make the 
corrections. 

a. Mix the developer and fixer solutions using a 1 to 4 
rauo of powder to water. 



b. Set the exposurminder by turning the read knob until 
the meter needle is at 5 on the dial (for normal 
composition). 
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c. Fill and insert the development tank. 
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Hguit3*32. Inserting typcmastcr. 



d. Toinscrtpapcr,looscnouterbond,butdonotpuUout j. Set line length dial, 
the lead strip until the inner bond is broken. 

2. Do the same for steps used to compose copy. 

c. Tb insert the typcmastcr, raise the lighthouse and 
front cover as much as possible. 

f. Set the lighthouse operating control lever to the 
setting indicated on the letlerspacing dial . 



g. Set wordspacing dial. 



h. Set the wordspacmg knob until on the 
Ictterspacing dial is aligned with the indicator mark. 



i. Set front switch. 
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a. TUm the print-space lever to the PRINT posmon and 
release it inuncdiately. 

b. Repeat the same procedure for each letter in the 
word. 



c . Move the print-space lever to the SPACE position for 
spacing between words. 

d. Aftcrcompositionhasbeencompletcd.tumthepaper 
feed knob until 7 inches of paper is fed into the 
machine to advance the last character printed beyond 
the cutting knife mechanism. 



Raise tbe cutoff and feed lever and bold it up until the 
red develop light goes on; then release the leven The 
developing process will now start when you manually 
initiate it. ^ 



2 . Is it possible to edit aad justify your copy? 



If editing and justification can be done, when are they 
done? ' 



iJ&T^'*"'**^ FrepMtd Lettering. A direct 
k^Joaid. compoter-gciierated photo typesetter produces a 
type composition in sizes ranging fiom l2tol20 
pomL Type styles obtained fiom film strips ordiscs have 102 
'^**^ffl«^consitt?rfiw 
diq>lexed type to. Yoo c«i use tw film irqx at any ^ 

disccontamsfourtypcfiicetooonedisc^^ 

edit, or justify yoor copy at this time. (Editins a^ 
J-^-ficatHxicapdMlitiesdepeadu^ 
yourparticularsystem.) """wunoi 

toml2to lJ)point Thc96and 120poimtyJ«i,to 

fim«Km contols fi)r changing type styl^^ 

^i^and automatic advancement of thc^S^^ 

*n'^d»anictersarepholDgnq)hedthroHghthe^ 

disc ijmh^ instantaneous flash of light 1^ 
A™#Aelenss^ 

Jott)gragic material. As the chaiacteis arc 

I*«og»^ m-erid is automatically 

m a hght-proof r««ving cartridge. The photpg^ 

rolls dcpeadaig upon which system your unit uses 
n^t^ 'TT- copy on the phoiognmhic 

material IS developed through an automatic pro^^^ 
<^s^containing Ae exposed fihn/paper is^m^'fiSS 
the typesetting unit and is inserted iiStoe pro^^ 
pnxessor ranoves the film/paper fiom thTcassette and 
« Amugh the tiuee stage develop^^^KSs 

J^T- ^ '^>- After devetopbHSi d^ 
the fitej/paperis ready fiM-use. «-«»uiyiiig, 

"* cwnpuier-gencnaad photo 

but does hm Its (wn different characterist^ 
becoming If not impossible, to address all of dKse 
systcoB mdividuaUy. You should study the oper^ 
ISSSar'sysET^"'^ f««ize ^If 

EierciMS(a24): 

1. "What are the two major components of a computer- 
generated photo conqwsing system? 



©25. Deacribe tbe functions and uses of a waxer. 

JW^ors. There are some projects that require you to 
•anere copy or photos to art surfaces. You will often have 
to place copy on kyouts or headlincrs on wall charts You 
can use a «^ variety of cements, aerosol sprays, or glues 
to do dus. Tbe most convenient medxxl, however, the 
waxer. 

A waxw (either the table model or the hand-held model) 
appbes a dim coating of wax to the back side of your copy 
TTie WW used is speciafly made to be sticky. The coatinJif 
wuwin aUow you to attach your copy to yourworidng 
aoftce and to reposition it as necessary. The abiUty to 
movcyour work without damagi^ 
advantage ofusmg a waxer. ^ 

Op^ation. Waxeis are single to operate. On table 
SSJ'-^J^!** your naterials, face up, between the 
rouers. nie top roller is a feed roUer which pulls your 
Mterial ov» the bottom roUcr. The bottom roUer is 
Pfttt ny submerged in a dish of melted wax. As the roUer 
turn. , it picks iq) melted wax and places a diin coating on 
yourmateiial. * 

ftoid-held models use no feed mechanism. The roUer is 
•ttached to a hand-held heating unit This has a small 
«J««TOir where the wax is melted and stored. Wax is 
J^osited on your material by rolling Ae unit across die 
back <» your material. 

^•2* ™x used in these machines is available in blocks or 
The wax is placed in the heated reservoirs to melt, 
rac to^ierature is adjustable, but you should take care to 
toq> the wax ftom becoming too hot. If die wax gets too 
hot. It will bleed through your work. On die odier hand if 

Ae wax IS too cold, it will not flow properly and will plie 
•maccessary wear on your machine. For safety reasons 

always turn die waxer off before you leave at night. 

EMrd9e»(025): 

1. What is die main purpose of a waxer? 



2. Describe tbe two types of waxeis. 



3. What is die main advantage ofusing a waxer? 



SJ^u?^'*y°"'^***«ft^'° getting too hot or 



CHAPTER 4 



Geometric and Graphic Construction 



DRAWING PROBLEMS encountered by the graphics 
specialist can usually be solved in several different ways. For 
instance, in ordinary drawing practice, the graphics 
specialist would use a T-square and a triangle to draw a line 
perpendicular toagiven line, arc, or what have you, or locate 
a point of tangency on a circle by estimating its position. 
When extreme accuracy is of first importance, the task 
should be accomplished by geometric construction. Also, 
when making a drawing of an unusually lai?e size-such as 
fall-size sheet-metal pattcms-the geometric pnnciples 
should be used. 

Actually, you apply the principles of geometry whenever 
you use your drawing tools. Therefore, increased knowledge 
of thescprinciples, coupled with skiUs acquired in using your 
drawing instruments, prepares you to do more difficult jobs 
in the fature. For now, let's concern ourselves with 
procedures, and not with mathematical proof of geometric 
construction. 

4-1 . Terms and Principles . 

Pferhaps the maleritd in this section may be a review tor 
you, perhaps not. In any case, you need to know the more 
common definitionsof terms and principles. Let'sbegin with 
lists of definitions of terms and basic principles, and then 
follow with a discussion of important facts which, in many 
cases, is a combination of the two. The lists which follow will 
serve as a quick reference during your studies. 

026* Define the terms and exfMn the basic prindpies of 
geometric construction* 

Definitions of Tferms* As you study these definitions, 
refer to figure 4-1. 

An«/r— The figure formed by the coming together of two 

lines at a point. 
Arc— A curve which is not closed. 
Chords A straight line intersecting a curve. 
Circle-- A closed curve all points of which arc equidistant 

ftom a point called the center. 
Concentric cirtfes— Circles having the same center. 
DiameUr-Tht length of a straight line through the center 

of an object. 

Eccentric circUs-'CiTclcs not having the same center 
point. . 

ElUpse—A plane curve, the path of a point the sum ot 
whose distances ftom the foci (two fixed points) is 



constant; a conic section, the closed intersection of a 

plane with a right circular cone. 
Helix—The curve formed on any cylinder by a straight 

line in a plane that is wrapped around the cylinder, such 

as an ordinary screw thread. 
Heptagon— A polygon of seven angles and seven sides. 
Hexagon— A polygon of six angles and six sides. 
Hyperbola— A curve formed by a section of a right 

circular cone when the cutting plane makes a greater 

angle with the base than the side of the cone makes. 

Also, a hyperbola may be produced by a point moving 

so that the difference of its distances ftom the foci (two 

fixed points) is constant and equal to the transverse axis 

of the hyperbola. 
Nonagon—A polygon having nine angles and nine sides. 
Octagon— A polygon having eight angles and eight sides. 
Parabola— A conic section formed by the intersection of a 

cone with a plane parallel to its side. 
Parallelogntm—A quadrilateral whose opposite sides arc 

parallel. 

Pentagon— A polygon having five angles and five sides. 

Plane— A two-dimensional flat surface. 

Plane figure- A sur&ce or space completely inclosed by 

Polygon— fiiXiy plane figure completely inclosed by 
straight lines. When a polygon has equal sides and 
equal angles, it can be inscribed within or circumscribed 
around a circle. In this case, it is known as a regular 
polygon. (!n conmion practice, the term **polygon* 
usually implies that a figure has five or more sides.) 

QmadrOateral-A plane figure bounded by four straight 

sides. ^ 
Radius— A straight line extending from the center ot a 

circle or sphere to the curve or surface. 
Sector of a circle— The figure bounded by two radii (an 

angle) and the included arc of a circle, ellipse, or other 

central curve. 

Segment of a circular area— IhdX part which is bounded 

by a chord and an arc. 
Itapezpid—A quadrilateral with two sides parallel. 
Jinpezium—A quadrilateral with no sides parallel. 
THangle—A plane figure bounded by three straight sides, 

and the sum of the interior angles is always 180^. 

Some Prindpies of Plane Geometry* Any one or all of 

these principles may apply to a particular drawing. 

(1) A strai^t line is the shortest distance between two 
points. 
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Figure 4-1. Geometric figures. 
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Rgurc4'2. Points. 

(2) A point lepiesents a specific location; it has no 
dimensions. 

(3) IVvo lines are peipendictilar when the angle fbnned at 
their intersection is 90°. 

(4) When measuring the distance between a point and a 
line, nneasure along a perpendicular from the point to die 
line. 

(5) Parallel lines are equidistant fiom each odier at all 
points. 

(6) Curves are tangent to straight lines or to other curves 
at only one point. 

(7) Regular polygons have all sides and angles equaL 

(8) A line intersected by equally spaced parallel lines is 
cut into equal segments. 

(9) Any figure may be moved from one jdace to another 
without altering its size or shi^. 

(10) From a given pdnt (m a given line, only oiot, 
perpendicular can be drawn. 

(11) The diagonals of a parallelogram bisect each other. 

(12) Through three points not in a straight line, only one 
circle can be drawn. 

(13) When two circles are tangent to each other, the 
straight line joining their centers passes throu^ the point of 
tangency. 
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Figure 4-3. Lines. 
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(14) The major and minor axes of an ellipse divide the 
figure into four equal parts. 

Exercises (026): 

1 . A straight line intersecting a curve is called a . 



2. What represents a specific location, but has no 
dimensions? 



3, Is question 2 a definition of a term or a principle of plane 
geometry? 



027. Identify the geometric figure or figures on a flat 
sorfiMe that are graeratedby moTement. 



Points, Lines, and Planes* The branch of geometry that 
we arc concerned with is called plane geometry. It derives its 
name from the fiict that it deals with the position of points and 
lines on flat sur&ces, which are called planes. 

F^mJt. A point is a position representing a location in 
space or a fiat surfiace; it has no hei^ width, or depth. 
I^gure 4-2 shows three ways to r^resent a point. Notice, as 
illustrated, that a point may be represented the intersection 
of two lines, by a small crossteu- on the line, or by a small 
cross. A point is never rq>resented by a simple dot on the 
paper. 

ZiM. A Ime is an iniaginery geonietric figure. A line does 
not exist in nature; it is genen^ by a point in motion. It has 
length but not thickness. (Dots, lines, and points in drawings 
have thickness merely as a convenient way to r^resent small 
areas or planes (see fig. 4-3.) 

• A line that has the same direction for its entire length is 
a ^mugAr line. 

• A line that changes in direction along its length is a 
curvf^ line. 

Plant. A plane or flat stirface is generated by a straight 
line moving in a direction other than that of its length, 
creating an area or sur&ce with length and breadth, bui no 
thickness. 

Exercises (027): 

1. Under the concepts of geometry, how is a straight line 
produced? 



2. How is a curved line produced? 



3. What is a plane? 
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Figure 4-4. Angles. 




W8. Given cWliiWoas of types of match each 

with a class or groap and Ohntnite. 

An^ An angle is fonned by two Unes meeting at a 
point The lines arc the sides of the angle, and the point at 
which thq,- nacct IS the vertex. Angles arc divided into five 
general classesandtwo^ Theclassesarc: 

1^ "^f?^^ ^^"^ ^ perpendicular lines with one 
angle at 90*^ is a right angle. 

(2) An angle that is less than a right angle, or90^ is an 
acute angle. > on 

(3) Ananglethatisgrcatcrthanarightanglebutlessthan 
a straight angle is an obtuse angle . 

(4) An angle whose sides extend in opposite directions 
fix)m the vertex, or 180Ms a straight angle. 

fu3^o .^^f^ is greater than a straight angle but less 
than 360*' is a reflex angle. 



o«7?x genc'^^groups are: (1) right and straight angles 
and (2) oblique angles. Since there are only two groups, you 
can define one in relation to the other^oblique angles are all 
angles other than straight or right angles. 

Ai^eni angles. Angles which have a common vertex 
and side are adjacent angles. They can be supplementary or 
complementary angles, as shown in figure 4^ 
.u^^^ A triangle is a plane figure bound by three 
stoight sides, and the sum of the interior angles always totals 



Exercises (028): 

1. TWo angles with a common side and vertex are caUed 

2. Match the terms in column A with the definition in 
coJumn B by writing the correct letter in the blank 
provided. 



(1) Obtuse. 
©Right, 



CobunnA 



(3) Rcflcx_ 

(4) 0bliqiie. 

(5) Stndght. 

(6) Acute 



Column B 

a. Angles other than 
straight and right angles 

b. An angle that is less 
than a right an^ 

c. An angle that Is greater 
than a right angle but 
less than a straight 
angle 

d. An angle formed by 
perpendicular lines 

e. Angles with a common 
vertex 

f. An angle that is greater 
than a straight angle but 
less than two straight 
angles 

g. An angle whose siiics 
extend in the opposite 
direction fixMn the vertex 



Draw and identify each of the foUowing angles 
a. Acute and oblique. 



Right. 



c. Obtuse and oblique. 
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Figure 4-5. Bisecting an arc or a line. 
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Figure 4-6. Bisecting a line with T-square and triangle. 



d. Straight. 



e. Reflex and oblique. 



4-2. Bisecting Hgures and Constructing Perpen- 
dicular Lines 

Bise';ting figurcs and constructing perpendicular lines are 
just as basic to drafting as addition is to arithmetic. These are 
simple and may be drawn by several methods. Whatever 
method you use, the accuracy depends on you. Now is the 
time to start practicing accurate drawing as you study the 
following procedures. 

029. Givea a line or an arc, bisect and construct lines 
perpendicular to each and identify the method used. 

Bisecting an Arc or a Line. An arc or a line may be 
bisected by use of either a compass or triangles. The 



geometric (compass) method is by far the more accurate. 
Given line or arc AB, as shown in figure 4-5, use the 
following procedures: 

( 1) Set the compass for any radius greater than one-half of 
AB. 

(2) Using A and B as centers, draw two arcs to intersect at 
points C and D, as shown in figure 4-5. 

(3) The point at which line CD crosses AB is the center, 
and also line CD is perpendicular to line and arc AB. 

Bisecting a line or an arc with a T-square and 45° triangle 
not the most accurate method, but it is the fastest. If the 
given line or arc is a long line or laige arc, this method is 
unusable. Here is the procedure for bisecting a line or an arc, 
as shown in figure 4-6. 

(1) Place the 45° triangle on the T-square so that the 
hypotenuse of the triangle passes through point A; draw line 
AC. 

(2) Tbm the triangle over and repeat the operation, using 
point B. Draw line BD. 

(3) Place the vertical edge of the triangle at the 
intersection of AC and BD, and draw the vertical line which 
bisects line AB at point X. 




t ERIC 
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P /£ 
Figure 4-8. Constnjcting pcrpcndiculare. 

(1) With A as the vertex or center, set the compass at any 
raaius, and draw an arc cutting lines AB and AC at points 1 

(3) With 1 and2ascenters,drawtwoarcstointereectat0 

(4) Draw line AO to bisect the angle (see fig. 4-7). 

H-v,^""?™*"?*!? Of Pferpendiculars. Constructing peipen- 
dicular lines foUows the same procedure as bisecting a Hne, 
arc, or angle, except that a pcqjcndicular may be constructed 
trL °' ^ P°"»'- When constructing a 

peipendicular to a given point on a line, using P as the i»int 
on hne AB, as shown in figure 4-8. use any practical 
and stnke an arc that intersects line AB at points D and E 
Using pomts D and E as centers, strike the air to intereect ai 
some point F. Draw a straight line through points F and P 
This hne IS perpendicular to line AB. 



Exercises (029): 

1. Bisectaline2%2" long drawn at an angle of 33' 



2. Draw a line perpendicular to a given arc at 24 1 ° with a 
radius of 2". 



This segment first presents several methods of drawine 
parallel lines and then the procedures to divide lines and 
spaces into any number of equal parts. This is one of the 

?r.^"n/ ^ yo"^ illustrating 

career. Of course, lines can be drawn parallel by using a 
Tsquare and triangle. However, when the demand is for 
accuracy or the drawing is very large, such as banneni, laree 
posters, etc., the x-square and triangle should not be used for 
drawing parallel lines. 



Given a Line. Given line AB and the required point C as 
shown in figure 4-9: t~"<iv-, 

(1) Wth C as the center and any convenient radius, strike 
an arc DE to intersect line AB at point F 

(2) With Fas the center using the same radius, drawan arc 
GH to intersect line AB at K. 

(3) With CK as a radius and F as the center, strike an arc 
intersecting arc DE at L. 



(4) Through points L and C draw the required parallel 



line 



This problem can also be drawn by the triangle method 
using the following procedure (see fig. 4-10) 

Place the hypotenuse of a triangle on the given line AB 
with the base on the triangle resting against the Tsquare 

Hold the T-square in position and slide the trianele to 
point C and draw line CD. 

lb draw a line parallel to another line at a given distance is 
like drawing perpendiculars to a point on a line. You can do 
most of the straight line by either geometric construction or 
fte triangle method (see fig. 4-1 1), butthe curved linescan be 
done only by geometric construction, as shown in figure 



Sxercises (030): 

^ ■ ^ "."^ ^ '■^ 1°"8' <^raw another line parallel 

i/4 01 an inch away. 




■ ,Eb|c 



Figure 4-9. Drawing lines parallel to a given point. 
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Figure 4- 10. Drawing lines parallel using T-square and triangle. 

2. Given a curved line 2 V4 inches long, draw a parallel line Exercises (031): 
S/8 of an inch away. 



1. Given a line 3% inches long, divide it into six equal 
parts, using the geometric construction method. 



031. Given a line and a space, divide each into equal 
parts. 

Given a Une or Space. Assume that a given line is to be 
divided into equal parts. 

(1) Draw line AB which is to be divided. 

(2) From point A, draw a line any length at any 
convenient angle. . 

(3) From point A, lay off the number of equal parts with 
either a scale or a pair of dividers on line AC. 

(4) From the termination point of the last space on line 
AC, draw a line connecting the last point with point B. 

(5) With the edge of the triangle set parallel with the last 
point on line AC and point B, draw lines from the points on 
line AC to line AB (sec fig. 4-13). 

Dividing spaces into equal parts employs the same method 
as the draftsman's method for dividing a line with a scde. 
The one difference is as shown in figure 4-14. lb divide 
spaces, the scale is placed at a convenient angle covering the 
number of equal spaces needed, whereas in the division of a 
line with a scale, the scale is placed so that zero coincides 
with the end of the line A and the last point on line AC fells on 
the line BC, and line BC can be any length. 



2 . Use the scale method to divide a space into equal parts. 



4-4. Construction of Lines Tangent to Circles and 
Arcs, and Rectifying Arcs 

Often, as a graphics specialist, you will be required to 
construct lines tangent to circular arcs. A circular arc is 
a portion of Ae circumference of a circle. Accurately drawing 
stiaighfline tangents to circles or arcs is difficult, because 
there are elements of optical illusion involved. Therefore, 
you must know how to construct tangents by several 
methods. 

A tangent to a circle may be drawn either to a point on the 
circle or to a point not on the circle. You will also be required 
to draw a straight line which is approximately equal in length 
to the length of an arc. This is known as rectifying an arc. But 
first we shall cover lines of tangency, then methods of 
rectifying an arc. 

Construction of lines tangent to a point on a circle, 
circular arc, or curves will be the principle drawing exercises 
of this section. Study each figure carefully ; then practice 
making the construction. 







Figure 4-12. Drawing curved lines parallel at a given distance. 



032. Given a point on a circle, construct a line tangent to 
that point 
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033. Given a point outside a circle, construct a line 
tangent to the circle. 



Constructing a Une Thngent to a Pbint. Figure 
ulustiates the procedure to construct a line tangent to a circle 
at points. 

(1) Given point S on the circle with 0 as the center, set the 
compass to a radius equal to SO; with S as the center, strike 
arc OD to cut the circle at O and E. 

(2) With E as a center, using the same radius, draw an arc 
tocutODatX. 

(3) With X and E as centers and any convenient radius 
greater than SO, strike an arc. From this point draw a line 
tangent to the circle at point S. 

Figure 4-16 demonstrates the same procedure for 
constructing a tangent to a point on a circle by means of a 
perpendicular. Often, depending upon the tj pe of drawing, 
this method is the most practical. Remember that a tangent to 
a circle is perpendicular to a radius at the point of tangency. 

(1) With P as the point on the circle, draw a line through P 
and extend it to some convenient point X. 

(2) Using P as the center, construct line AB perpendicular 
to line OX at point R 

(3) Line AB is tangent to the circle at point P. 



Exercises (032): 

1. Using the geometric construction method, construct a 
line tangent to a circle. 



2. Using theperpendicularniethod,constructalinetangent 
to a circle. 



Constructing a Line Ikngent to a Circle. The procedure 
for constructing a line tangent to a circle from an outside 
point is just as easy to do as the previous construction (see fie 
4-17.) 

(1) Using P as the point, draw a line from 0, the center of 
the circle, to the point P. 

(2) Bisect the line OP; at the point of the bisector, point A, 
strike an arc with AO as the radius. 

(3) Where the arc strikes the circle forming point T, draw 
the tangent PT. 



Exercises (033): 

1 . Construct a tangent to a 3-inch-diameter circle from a 
point 2 inches from the center of the circle at an anide of 
269**. 



034. Draw an arc tangent to a given line and drcle, and 
draw an arc tangent to two circles. 



Given a Line, Circle, or Arc. 

(1) Tkke the given radii Rl and R2; strike an arc with 0 as 
the center (see fig. 4-18.) 

(2) Draw a line CD parallel to the given line AB at a 
distance ofR2. 

(3) Where the arc Rl +R2 crosses line CD, strike an arc 
that is tangent to line AB and the circle. 

Drawing Ikngent Arcs. In this type of construction, two 
conditions may exist. In one case, the centers of the given arc 
arc outside the required arc; in the other, the centere arc 
included inside the required arc. 




Figure 4-13. Dividing a line into equal parts. 
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Figure 4-14. Dividing a space into equal parts. 



(1) Given Rl , R2, and R3, with 0 as the center, strike an 
arc with R1+R2. 

(2) With 0' as the center of the second arc or circle, strike 
an arc R2+R3 that intersects the first arc at point R 

(3) Using P as the center and radius R2, strike the 
itquiiedarc. 

The center of the circle is included inside the required arc . 
Use figure 4-19 as you practice this procedure, given the radii 
Rl,R2,andR3. 

(1) Using 0 and 0' as centers, take R1-R3 and strike the 
first arc. 

(2) Tkke R2-R3 and strike the second arc, forming point 

R 

(3) At point P, using R3, you can strike an arc tliat is 
tangent to both circles 0 a;id 0' . 

Exercises (034): 

1 . Draw an arc tangent to a given line and circle. 



2 . Draw an arc tangent to two circles: 



4-5. Construction of a Plane Gaometric Hgure 

Remember that a plane is a two-dimensional surface. A 
plane figure is a figure completely inclosed on all sides and 
which lies on a flat surface. For example, a square cannot 
exist alone in nature. When we speak of a square, we are 
actually speaking of one surface or plane of a cube. So 
drawing the planes of a figure will aid you in developing your 
drawing accuracy, not only in the application of geometric 
construction principles, but also in the construction of 
three-dimensional figures. The construction of a plane 
geometric figure has no right or wrong way, but some 
procedures are more accurate than others. We will begin with 
the triangle and cover as many shapes and procedures as 
necessary. 




Rguic 4- 15. Constnicting a line tangent to a point on a circle. 
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Figure4-16. Constructing a line tangent by means of a perpendicular. 



035. Find the lengths of given sides in given triangles, 
and draw a triangle according to specifications. 

Construction of a THangle with Three Given Sides. As 

you practice, follow this procedure (see fig. 4-20): 
(!) Draw one side, such as side A, in any position. 

(2) With side B as a radius, strike an arc from cither end of 
the line A. 

(3) With side C as a radius, strike an arc from the opposite 
end of A and intersect the first arc. 

(4) Draw a line from the ends of side A to the point of 
intersection. 

Construction of a Right TKangle with Hypotenuse and 
One Side Given. Figure 4-21 illustrates the following 
procedure for constructing a right triangle with hypotenuse 
(P) and a side (T) given. 

(1) Draw a line (any position) and mark off BC equal to 
the length of line R 






Figure 4-17. Constructing a !ine tangent to a circle from an outside point. 
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Rgure4-19. Centers ofcirclcoutskfc the ttngcmtfx:. 



(2) Bisect the line BC (point S). 

(3) UsingpointSasccntcrand radiuses or CS, swing the 
semicircle. 

(4) Witfi point C as center and radius T, strike an arc 
cutting the semiciFcle at point D. 

(5) Draw lines BD and CD. 

CoiKslructlon of an Equilateral IHao^ with One Side 
Given. Recall that all sides of an equilateral triangle are equal 



and each angle is 60^. So the construction of this triangle is 
extremely simple. The following procedure is illustrated in 
figure 4-22. 

(1) Draw line AB any required length. 

(2) Using line AB as radius and point B as center, swing 
an are. 

(3) Using the same radius and point A as center, swing 
another arc to intersect the first arc. 

(4) Draw sides AC and BC. 




60 70 



^^^^^^ 




Figure 4-20. Omstnicting a triangle with thiec giv-cn sides. 

Construction an EquO^eral IHaii^, Using a 
T-sqoare and THai^k* This is a convenient method, 
particularly if the base of the triangle is horizontai. Figure 
4-23 illustiates the foUowing pioceduie. 

(1) Place a aO^'-W triangle against a T-squaic and draw a 
line which makes a 60"" angle with one end of given base AB. 

(2) Draw a Ime which makes a 60'' angle with the other 
end of base AB. 

(3) The intersection of these two lines at point C 
completes the triangle. 

Exorcises (035): 

1 . Draw a triangle with the hypotenuse 1 % inches and one 
side 3/4 inch. Find the length of the other side. 



2. Using a T-squarc and triangle, draw an equilateral 
triangle with a height of 2 inches. 



C 
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iMgure 4-22. Coastnicting an equilateral triangle with one gi\*en side. 

ways to draw a square. The following method, illustrated in 
figure 4-24, should come in handy at times for drawing a 
square at any angle. 

(1) Draw a perpendicular to given side EC at point B. 

(2) Using point B as center and radius BC, strike an arc to 
intersect the perpendicular (point D). 

(3) With points C and D as centers and radius BC, strike 
arcs which intersect (point E). 

(4) Draw lines DE and EC to complete the square. 

Construction of a Square with Distance Across 
Comers Given, Using T-square and IKan^. The 

foUowing method to make this construction is illustrated in 
figure 4-25. 

(1) Through points A and B of given distance AB, draw 
lines AC and BD, using a T-square and a 45 triangle. 

(2) TUm the triangle over and draw lines AD and BC in 
the otter direction through the same points. 

(3) These lines which intersect atpointsC and D complete 
the square. 



036* Construct a square according to q>ecifications. 

Construction of a Square with One Side Given. As in 

the construction of many other figures, there are several 




' P ' 
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Hgurc 4-21. Constructing « right triangle with hypotenuse and one side. 

: ERLC 



Exercises (036): 

1 . Construct a square with one given side. 



C 




231-23 



Rgurc 4-23. Constructing an equilateral triangle with T-s<juaic and triangle. 
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figure 4-24. Constructing a square with one side given. 

J^t^ST*"**^ two meUwds of constructiiig a regular 



Coi^nictliig a Regular IVntagon In^ 
Oiwn Circk. The foUowing procedure to construct this 
pentagon is lUustiated in figure 4-26. 

(1) Draw any diameter, AB, of the circle. 

C) Constnirt radius OC perpendicular to diameter AB 

(3) Bisect OB to find point D. 

(4) UsingpointDascenterandCDastadius,swinganarc 
cutting Ae diameter AB to find point E. 

(5) Using C as center and CE as radius, swing an arc 
cutting the circle at point F. 

(6) Draw chord CR This chord is onr side of the 
pentagon. 

0) Vsing die same radius CE which is equal in length to 
enow ct% step offthe remaining points around the circle and 
connect them with chords. 

Co^ructing a Regular Pentagon with Length of One 
J>ide Given. The foUowing procedure to construct a 
pentagon on given side AB is Dlustrated in figure 4-27 





237-26 

figure4-26. Cbnstmctingaregularpcntagon inscribed withinagivtflcirete, 

(1) Using given side AB as radius and point A as center, 
draw a semicircle to cut the construction line extended from 
side AB. 

(2) Divide the semicircle into five equal parts by using 
dividere. (This may require several attempts before you have 
the divisions accurate.) 

(3) Through division 2, draw a radial line A2. This line is 
one side of the pentagon. 

(4) Through divisions 3 and 4, draw radial lines 
extenduig them beyond the semicircle. 

(5) Using side AB as radius and point B as center, swine 
an arc which cuts extended line A4 to find point D. Using the 
same radius and division 2 as center, swing an arc which cuts 
extended line A3 to locate point C. 

(6) Connect the points thus found to complete the 
pentagon. ^ 



Exercises (037): 

1. Using a diameter of inches, construct a pentaeon 
mscnbed in the circle. 



2. 



Given one leg of apentagon 1 % inches long, construct a 
regular pentagon using the method described in figure 
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fi«ure4.25. C^,>^^^^^^^^^^_ Const^cting a reguUrpenugon with length of one side given. 
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Rgure4-28. ConsmK:tmgi regular hexagon with wkJthactow 



(3) From points where one leg of each SO"" angle 
inteisects a leg of the W angle lying opposite it on line AB, 
construct parallels to line AB. These two parallels and the 
four legs of the 60"* angles intersect to form a regular 
hexagon. 

Construction of a regular hexagon with width across 
flats given. This method of construction is illustrated in 
figure 4-30. Refer to this illustration as you follow the 
procedure. 

. (1) Draw a circle with line CD, the width across the flats, 
as die diameter. 

(2) Draw the vertical and horizontal center lines. 

(3) Using the 30^-60^ triangle and T-square, draw the 
sides of the hexagon tangent to the inscribed circle. 



Exerdses(038): 

1 . Construct a regular hexagon with width across the flats 
as described in figure 4-30. 



2. Construct a regular hexagon using a T-Square and 
triangle. 



3. Construct a regular hexagon with the width across 
comers given. 



038. DemonstnUe three metliods of constnidiiig a 
hexagon. 

Constructkm of a R^olar Hexagon. There are several 
methods of constructing regular hexagons. The method y<Hi 
use in your drawings, as well as the particular situation, is 
laigely up to you. Hexagon constructions are common in 
both mechanical and architectural drawing. An example is 
the hexagonal^icadcd bolt frequently represented in 
medianical drawings. Now, let's cover three of the several 
ws^ to construct these figures. 

Constructing a rtpJar hexagon with the wim, AB, 
across comers given. The procedure which follows is 
illustrated in figure 4-28. 

(1) Draw a circle with given width AB as its diameter. 

(2) With the same radius (one-half of diameter AB) and 
using poinu A and B as centers, draw arcs intersecting the 
circle as shown. . 

• (3) Draw the chords, as shown, thus convicting the 

hexagon. 

Construction of a regular hexagon, using Tsquare and 
trian^. This method is often used when one side is 
horizontal with your drawing. Rgure 4-29 illustrates iht 
following procedure. 

(1) From the ends of the given line, AB, draw Imcs 1, 2, 
3, and 4 at an angle of 60* with AB. 

(2) Draw two construction lines making a 30** angle with 
lineAB. 



039. Demonstrate two methods of constructing a r^olar 
octagon. 

Construction of a Regular Oct^on. TWo methods for 
constructing a regular octagon arc described below. First, 
weUl cover the procedure used when the width across fla& is 
given, and then when the width across comers is known. 

Constructing a regular octagon with widA across flats 
given. Refer to figure 4-3 1 as you follow this pnxxdure. 

(1) Construct a square having sides equal to the given 
width across flats (AB in the figure). 

(2) Draw the diagonals of the square to locate pomt 0, 
their intersection. 

(3) Using OA (or OB) as radius, swing an arc from each 
comer of the square to intersect two sides of the square. 

(4) Connect the points (intersections) thus found to 
complete the octagon. 

Constructing a regular octagon with Ae distance across 
corners given. Figure 4-32 illustrates the foUowing 
procedure. 

(1) Draw a circle whose diameter is equal to the given 
disdmce across comers. 

(2) Using a T-square and triangle^ draw honzontal 
diameter AB and vertical diameter CD. 
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ACROSS CORNERS 



GIVEN 
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F.gure4-29. Constructing, reguI.rhe«gonusmgT-squ««vJrt^^ 



(4) Conner the points where the diameters intersect the 
ciicle to complete tiie octagon. 

ExerdKs(039): 

1. Draw a legularoctagon using the across-flats method. 



^' ^ / "s"? *e across-comcrs 



i 



wo. Demoitttnie fhre mdfaods for cowtrncdof an 



dUpie. 

ERIC 



Tlusmcttodufiequentlyusedbccauscitisveiyaccuratcml 
parucuhrly usefid for constructing tm ellipse wST^or 

S i if^ 2 inches and 6 inches in leJgtf, . With S or 

^. .'T"'"^ *c foU<^ing procedure 

u illustrated in figure 4-33. Htwcuure 

rJ^^ i^.^^J*^' P°"^ E and F, by swinging aa arc of 

(2) Divide the distance between points E and O on the 
^l^^T ' such as 1. 2. 3. 4. 5. etc. 

^larger eUipses, more umts are required to drawasmooth 

?^5!!!?*^A'"'^"**«*P0«'*Eascentei;strikearcsin 
qujdr.m.2and3. Then, using th^ 

center, strike arcs m quadrants 1 and 4. 

5 J£«J'*f * ^ "^"^ P°»* ^ " center. «rite arcs 
^nccting the first arcs m quadrants 2 and 3 (marked points 
in each quadrant. Using the same radius and pointE as 
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Rgure 4-32. Consmicting a regular octagon 
with distance across comers given. 



center, repeat this operation. Thus, arc inteisections (points 
P) in each quadrant are established. 

(5) Usi^each of the remaining points on EO, measured 
radu A2, B2, A3, B3, etc. Repeat the pn)cess described 
above, usmg the same centers. 

(6) Use the irregular curve in joining the plotted points 
(arc mterscctions) to draw the ellipse. 

An ElUpse Drawn by Pin and String Method. This 
method IS not accurate enough for drafting in general 
However, it is very handy for large constructions Fbr 
mstance, it is a common method of laying out ellipses for 
flower gardens, etc. 

Recall that an eUipse may be generated by a point moving 
m sucha way that the sum of its distances from two points (the 




PIN 



A-f; 
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Figure 4-34. Constnicting an ellipse by pin and string method. 

foci) is constant and equal to the major axis. This principle is 
ZSrJS' ^ foUowing procedure and Ulustrated in figure 
4-J4. The given major and minor axes are AB and CD 
respectively. * 

(1) Locate the foci, points E and F, as described in the foci 
method. 

vnS ^ °^ * ^'""S equal to distance 

tLF) at pomts E and F with pins so that there wUl be no slack 
when the midpoint of the string is held by a pencil (or other 
markmg device) at point C. 

(3) By moving the pencil around the maximum orbit 
f "^SJ^J^P"*^ the string taut, the ellipse wiU be 
OMcnbed. The method of movement is shown in illustration 
(frompomtPtoPl,etc.) 

An ElUpse Constructed by Ihammel Method— Ihie 
Ellipse. This method is preferred by many draftsmen. If you 

C 

■ / 






Figure 4-33. Constructing an ellipse by foci method. 
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TRAMMEL 



Figure 4-35. Constructing an ellipse by trammel method. 



ait caiefiil to be accurate, you will find this method simple 
and fast. Refer to figure 4-35 as you practice the following 
procedure. 

(1) On the straight edge of a slip of paper, cardboard, or 
plastic, mark half the distance (AO) of the major axis, and 
then marie half 4e distance (CO) of the minor axis. 

(2) Place the tranmiel so that point A is on the minor axis 
and point C is on the major axis. Point O is then marked on the 
curve. 

(3) Locate additional points of die curve by movmg the 
trammel to other positions, always keeping point A of the 
tianuxiel on the minor axis and point C on tte major axis. 

(4) Afier you have established a sufficieat number of 
points for the curve, draw the eDipse with an irregular curve. 

An EDipse Constructed by Foor-Ceoter Method* 

Although this method of construction produces an 
approximate ellipse, it is useful, since the use of an irregular 
curve is not required. Given die axes AB and CD, the 
following procedure is illustrated in figure 4-36. 

(1) Draw line AC to connect the ends of the major and 
minor axes. 

(2) Mark on line AC the distance CE, which is equal to 
AO minus CO. 

(3) Draw the perpendicular bisector of AE, extendingthe 
bisector 10 intersect the mjyor axis at point F and the extended 
minor axis at pomi G. These two intersection points are 
centers for two of the required arcs. 

(4) UxatepointsF'andG' inasiniilarnianneror, more 
simply, by using dividers. When using dividers, set off OG' 
equal to OG and OF' equal to OR 



(5) Using points G and G' as centers and CG as radius, 
swing the two (long) arcs. Then, using points F and F' as 
centers and radius FA, swing the two (short) arcs. 

(6) Thus, these four arcs meet to complete the ellipse. 

An ED^ Constructed by Omcentrk Clrde Method-- 
Ihie Ellipse* This is another method which you nuQr prefer 
to use at times. An ellipse constructed by this method is very 
accurate. Refer to figure 4-37 as you practice the following 
procedure. 

(1) Using the intersection of the given major axis BC and 
minor axis EF (point D) as center for the ellipse, draw two 
concentric circles having the major and minor axes as 
diameters. 

(2) Draw any diametral line GH. 

(3) Through points where the diametral line GH cuts the 
circumference of the outer circle, draw vertical lines MH and 
GN. 

(4) At points where the same diametral line, GH, 
intersects the circiunference of the inner circle, draw 
horizontal lines KM and NL. 

(5) The intersection points M and N of the vertical and 
horizontal lines are points on the required ellipse. 

(6) Next, locate point M' by extending line GN and line 
KM to intersect as shown on the illustration. In a similar 
manner, locate point N'. 

(7) Thus, four points are established on the ellipse by 
drawing one diametral line. 

(8) Repeat the entire procedure several more times to 
locate enough points so that a smooth ellipse can be drawn by 
use of an irregidar curve. 
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Exercises (040): 

1 . Construct an ellipse using the foci method 



Figure 4-36. Constructing an cUipsc by four-center method. 

4. Construct an ellipse using the four-center method. 



2. Construct an ellipse using the pin and string method. 

L 

3 . Construct an eUipse using the tnmuiel mcthof i . 



5. Construct an ellipse using the concentric circle method. 

6. Which of these arc true ellipses? 
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Figure 4-37. Constructing an ellipse by concentric circle noethod. 



4-6. The Language of Lines 

You have seen how having a basic knowledge of geometry 
can help you reduce complex forms to their basic geometric 
forms. Now before you can draw these forms you must be 
familiar with yet another language— the language of lines. 



04L State the necessity for the language of lines. 



In order for you the illustrator to draw an object correctly, 
you must be able to completely describe the object that you 



are drawing with only lines. You must do this as clearly as 
possible, lb avoid confiision and misinterpretation, 
illustrators and mechanical and architectural designers have 
developed their own alphabet of lines. 

This alphabet allows the person drawing an object to 
completely describe the object inside and out while avoiding 
unnecessary conftision. 

Exercises (041): 

1 . Why is it necessary to be familiar with different types of 
lines? 

79 



70 



Pencil Lines 



Applications 










J 






1 ' r -r 



VISIBLE LINE 



CONSTRUCTION LINE 



SECTION LINE 



HIDDEN LINE 




Ink Lines 



BORDER LINE 



VISIBLE LINE 



Construction lines ore never 
drawn in ink 



SECTION LINE 




Figure 4-38. Alphabet of lines. 



042. Given a list of deffnitiotis of lines, match the Une 
correspondingtoeachdeflnltlon. 

Ift '^^^'^ ^ J2 different lines 

P commoiJy used today. As you study the description of these 
^ lines, referto figure 4-38. "*u»c!>c 



Bonfcr Unt. A heavy, solid line used to establish the 
border area of your drawing surface. It is the heaviest line 
used. 

yuible line. A medium weight line used to establish the 
visible outlme of your drawn object. 



TYPES OF PROJECTIONS 



PARALLEL 
PROJECTIONS 



PERSPECTIVE OR 
CENTRAL PROJECTIONS 



OBLIQUE 
PROJECTIONS 



ORTHOGRAPHIC 
PROJECTIONS 



LINEAR 
PERSPECTIVE 



CAVALIER 




CABINET 




MULTIVtEW 





FIRST 
AN9LE 



•CCOMp 
AMUT 



TNIRO 
AMLE 





ONE 
POINT 






TWO 
POINT 






THREE 




POINT 
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Figure 4-39. Projection cUssificttions. 



Construction line. An extremely light line used for 
general U^t work in your drawing. Construction lines are 
ncvcrdrawninink. 

Section line. A medium light line used to indicate a 
cross-section area of your drawing. 

Hidden line. A medium weight, dashed line used to show 
necessary details of the object hidden from view. The dashes 
are drawn i^jproximalcly 1/8" long and spaced ^)proximatcly 

l/aa'apait^ ... I 

Center line. A medium li^t line that denotes the physical 
center of the drawn object. The center line is broken in the 
middle by a 1/8" dash set 1/16" apart. 

Extension line. A short, light line that extends from the 
visible lines both vertically and horizontally. Extension Unes 
are used in conjunction witii dimension lines to describe the 
measurement of die drawn object. 

Dimension line. A li^t line diat is drawn between 
extension liocs that show the area and direction of 
measurement. These lines are usually broken in Ae center to 
allow for dimension placement. Dimension lines always 
have arrowheads at both ends. 

Cutting plane One. A medium weight Une that is broken 
by two 1/8" dashes set 3/4" to 1/2" from botfi ends. The ends 

are drawn perpendicular to the line and finished with 
arrowheads. This line is used to show ^re an iniaginary cut 
in the object is made and from which direction to view the 
object to tiie cut-away section. 



Short-break line. A medium weight, erratic line that is 
used to show an area of the object that has been broken out. 
This allows you to see a partial view of the internal properties 
of the object. This line is drawn freehand. 

Long-bttak line. A light weight Une used to break out 
detail sections of long objects or to remove areas diat have 
already been shown. 

Phantom line. A light line that is drawn in die same 
manner as a cutting plane line. This line shows the change of 
positions on a moveable object. 

Exercises (042): 

1. Correlate the proper line with its function. 

a. This extremely light line is alw^ drawn in pencil. 

b. Thishanddrawnlineismediumwcightanderratic.lt 
allows you to see a partial view of the inside of an 
object. 

This line is used to indicate a cioss-section. 
This line indicates a change in position or a 
movement. 

This line lets you look at areas not visible from one 
view of the object. 

This line has arrowheads on both ends of it. 
What is the approximate length of the dashes used in a 
hidden line and how fer apart arc they spaced? 



c. 
d. 



f. 
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Figure 4-40. GUk box iP'^hod. 



4-7. introduction to PfX)|«ctlons 

The fimction of any drawing is to illustrate and describe an 
object in sufficient clarity and detail so that it can be 
understood with veiy litUe explanation. Even in ancient 
umcs, people drew pictures to convey their ideas or as a 
substitute language. In those days t huge part of drawing »«s 
confined to building construction and dje fine arts. Alfliourii 
few drawings of that era were pfescrved, some interesting 

information can be gathered from those \i1iich were. 
The cnide sketches made by the eaiiy builders on clay 

tablets, limestone slabs, papyrus, and wood still exist for us 
to study. Besides having crude and bulky drawing material 

the major problem confionting the eariy draftsman was tiiat 
of r2res«Mting solid objects on fltt serfeces. Dimensi^ 
length, width, and hei^ could not be shown accuratdy on a 
twcHlimenskmal surfiKe. Little piogress in tolvhw this 

problem was made until the 15th ceoluiy when LeooaSfc) da 
Vinci, an Italian, diacovend in his studies bow to give the 

iUusionofdepdiio8olidobject$.Hedevek)pedandtau^ 
to^niquc untU his death in 1519. After WslMtfa 

mathematics scboUes used vwioos other methods to diow 
wcact measuitmcnts in their dnBviegs. 

Progness in tim area was vwy gradual until the I7th 
Motoy. During lie Napoleonic era, Gaspani Monge, 



Frenchman, developed a system of right-angle projections 



on planes set up perpendicular to each odier. This system was 
not only measureaWe but is d»e basis ft)r the tiuee- 
oimensional n^Mesentations tfiat we know today. 

The abUity to think in tfmse dimensions is a prerequisite 
TO nutter what type of dnwing you happen to be enoied in ' 
Ewo^ drawing has a space relationship involving four 

(1) The <*servcr's qv, or the station point. 

(2) The object. 

(3) Projection lines. 

(4) The {riane o/ projection. 

In technical drawing, three kinds of projections are used- 
orthopaphic, oblique, and perspective. All three proiectioni 
describe the shapes of objects, but only orthographic and 
oWique projections (parallel projections) describe die sizs of 
the object and show dimensional markings. 



•43. Spodfy the dlffereat types mad 
proJectW 




of 



. ^^rt'"**!^*^ P»t)jectb>iis. An Orthographic prote^ 
IS any projection made by lines of sight whS^ 
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Figure 441. Opening the glass box. 



perpendicular to the image plane. Since these projection lines 
are perpendicular to the same plane, they are parallel to each 
other. Notice in figure 4*39 that there are two types of 
orthographic projections, multiview and axonometric. 

There are four different types of multiview drawings. 
These drawings make up the greater port of all engineering, 
industrial, and architectural drafting. Sometimes a multiview 
drawing is supplemented fay a pictorial drawing, such as an 
axononietric. 

Multiview drawings are made to represent a three* 
dimensional object drawn on a two-dimensional surfiice. 
This method of orthographic projection is relatively easy to 
understand. It sbnply consisu of the observer viewing an 
object as if it were placed inside a glaM box (see fig. 4«40). 
The observer is $lvmy% on the outside looking in. Notice diat 



the object is positioned so that each face is parallel with 
a respective surfoce or image plane of the glass box. The 
observer assumes the position of viewing one surfieu:e at a 
time so that his or her line of sight is perpendicular to the 
sur&ce and the image plane. Thus, each &ce is projected and 
can be drawn on the appropriate image plane in its true size 
and shape. 

Opening the gjlois box. lb obtain all the views of the 
object laid out in a single plane and in the proper position, one 
must assume that the sides of the glass box are hinged. The 
partially opened box as shown in figure 4«4 1 has five of the 
six views routing from ihe nont view of the object, thus 
putting the ri^t side view on the right of the front view, and 
all of the other views in their proper places as shown in figure 
4-42. 



Rgurc 4-42 . Layout of sides of glass box on paper. 



Selection of views. In dtawing an orthographic 
projection, it is necessary to select only those views that will 
describe the object completely. The first step is to determine 
the front view. This may be done by placing the object in its 
natural position so that the top is parallel to the top image 
plane, etc. The front view should be that side that shows the 
greatest contour or the most irregular shape. If any doubt 
exists concerning which view fulfills this condition, select 
the side with the greatest length. Fbldout 1 shows an object 
with the three multiview projections and a pictorial, so that its 
true size and shape can be seen. Notice that the view selected 
for the front shows the greatest contour of the object. This' 
may or may not be the actual fit)nt of the object. In this 
projection only the three views arc essential to understand the 
object. GcneiBlly, it is the practice to show the side view that 
requires the fewest hidden lines. If a drawing becomes 
cluttered and confusing because of the hidden lines, the 
piBCtical thing to do would be to draw the other side and 
eliminate the hidden lines. When there is little difference 
between the right-side view and the left-side view, the right 
side is preferred. 

Exerciies(043): 

I. Projections are classified into what two major 
categories? 



2. Usually, what determines which side of the object 
should be the fipom view? 



3. Using the glass box theory, when are the top. front, and 
bottom views in the same vertical line? 
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B. ONE-VIEW DRAWING 
Rgure 4-43. One-view drawing of a flat object. 
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Hgait444. One-view dttwingofftcyliodrical objects 

oa. State tiie BwriMT or views mcded to Show the tm 
siie and shiM ie of an object to be drawn. 



The basic purpose of all multivicw projections is to show 
the tnie size tad shape of die object being iq)itsented. 
Aldiou^ an object has six possible views, it does not 
necessarily follow diat all six views must be shown to 
comi^ly describe die object. 

How to Dclatiifaie die Namber of ^leas. The guide fo r 

deierminiflg the number of views needed to show size and 
shape of an object is to include only diose views whidi ait 
absolutely necessary. Vfeiy diin objects with uniform 
thickness sudi as ihims» garioets, and t^ales need only a 
singje view to be effisctive, as shown In figuic 4-43. 
Symmetrieal otjects can oiten be litnited to just one or ^ 
views, as shown infigure 4-44. In most cases, the t<v view of 
a symmetrical object would be a diqriicadon of the fmnt 
view. 

The front, die top, add die side views are necessary in 
most odicr multiview drawings. R is sometimes necessary to 
show moit dian die duee views or to show the left side view 
instead of die ri^t side view. Certain types of objects may 
need (Mdy two of any of die three views if die detail is such diat 
it would be virtually impossiUe to present a true 
rqnesentation any odier way. 

The pnK^dce in dnnidng is to show aU feai^i^ 
odicnvise. Hidden features are shown by short, evenly 
spaced dashes appearing on at least two of die diree views aiid 
uipearmsasasolidotlHiesurfeceofdiedurd.InbQfingouta 
drawing dieie will be a time when hidden lines, center lines, 
and story lines (visible Ihies) will coincide. Tbe «,^settdal 
point of any drawing is die sibty it's tiying to tellt id visible 
lines are die most impottalit. Visible lines must always take 
pm^dence over aU odier likiei; hkklen lines 
center lines. If a center lifete cbincidea widi a eutting pl^ 
any ddier lines diai are a pait of die story, die line diat 
contributes die most to die teadabiUty of die ittustndon ^ 




Figure 4-45. Layout for a two-view drawing. 

precedence. Dimension lines and extension lines should 
never be placed so tfiat they would coincide widi any of the 
odier lines. 



Exercises (044): 

1 . How many views arc possible from one object? 



2. How many views are needed to illustrate one object? 



3. Which lines take precedence over all other lines? 



045. Give three possible solutions to the problem of 
limited space for a drawing . 

Drawing Multiview Illustrations. When drawing 
multivicw illustrations and space is limited, it is permissible 
to use a partial view when symmetrical objects are being 
represented. The naif view of die drawing should always be 
die portion nearest to die full view of die drawing. For 
clarity, where two views of opposite planes can be used to 
best describe die object, diese views need not be 
con^)lete— provided duit, when considered togedier, dicy 
describe die object as one unit. Therefore, only hidden lines 
immediately behind die surfiwc being viewed need be shown. 

Spacing also becomes a problem widi 6bjects duu are 
wide. Drawing wide objects in die conventional duee-view 
mediod will leave large open areas, lb avoid diis situation , it 
is p^miuible to dmw die side view to die right of die top 
view. This ^)pears to give better balance to die paife and 
achieves die same purpose as die conventional three-view 
mediod. A tear view can also be drawn as an alternate view; 
but, to avoid confusion, be sure diat alternate views are 
labeled for identification. 
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Figttrc4-46. ftrtttlvicw. 

Sometimes ^licn two views arc needed to repicscnt an 
object, you nuQr choose the one to accompany tte 
fn>m two or nM>rc equaUy de$crq)tive views. When 
of sevend possible view combimoioas wiU describe Ae 
object adequaldy, you shouMdxme die cooAination which 
can be ^laced best on die papet 4-4S illustiates die 
princii^e of choosing and ananging views to give a {^easing 
effect. 

In a two-view drawing of a symmetrical object, only a 
panlal view maor be needed to describe die object adcqufcicly. 
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TRUE PROJECTION PREFERRED PROJECTION 
figure 4-47. Tbp and side views of curved surfaces. 

A brcak line may be used to limit a partial view. A half-view 
drawing is shown in figure 4^. By carefully analyzing die 
half-view shown in figure 4-46, you should see die principle 
ofdiismediod. 

Eierci$es(M5): 

1 . Where should a half view of a drawing be used? 
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H|ure4-48. Imersectiofisofrtmnds and fillets. 
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Figure 4-49. Conventional rcpitscniation of fillets and rounds. 



2. What two views are permissible to construct a two-view 
drawing? 



046. Restate given terms from the graphics specialist's 
vocabulary. 



Oblique Surfiices* When a surface is at an acute or obtuse 
angle to all parallel or principal planes of projection, it is an 
oblique surface. The true size of an oblique surface will not 
appear in any of the normal or principal views of a drawing, 
lb show the true shape and size of an oblique surface, a 



secondary, or auxiliary, view must be drawn. Oblique or 
auxiliary views are described in more detail later in this 
volume. 

Curved surfiEu:es, curved edges, fillets, and rounds are a 
vital part of the graphic specialist*s vocabulary. He or she 
should understand how and why these elements apply to the 
profession. Many objects have curved surfaces and edges 
tangent to a straight plane. When objects have continuously 
curved surfaces, as in point B of figure 4-47. that are 
perpendicular and tangent to each other, they are 
perpendicular to the plane of projection. When a circle or 
curve is parallel to the plane of projection, it is drawn as a 
circle or curve on the parallel plane and as a straight line on 
the adjacent plane. If the plane of tangency of two curves is at 
an angle, no line is shown in the plane of projection (see 
points H and I of fig. 4-48). 
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NOTE: LOS« LINE OF SIGHT 
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Figure 4-52. Tbird angle projection. 



Fillets and rounds ait always shown on drawings to 
indicate cornets of unfinished castings. Since rriusi castings 
of machine parts and tools arc made by pouring molten metal 
into specially constructed naolds, precautions are taken to 
eliminate shwp comers wherever possible. Besides 
impioving the appearance* rounded cornets and edges 
piovidc greater strength and ease of handling of the finished 
product (see fig. 4-49). 

If the finished product is to have OMchined intersectmg 
sur&ccs, the comers are to be drawn sharp and square. 
FiUets and rounds are to be designated by nole as to the size of 
the nKfim. The note shouM read in this manner/*All fillets 
and iwmd 1/4 inch nMlius unless otherwise specified. **These 
notes should be placed near a principal view or in a general 
area designated for notes . Notice in part A of figure 4-47 that 
a true Injection of a rounded edge has no line 10 define the 
intenection of the two different surf^es. But, in the 



prefcrted method shown in part B, lines on the projected 
(t<^) view represent the rounded edges joining the surface. 
The added lines show where the surface would intersect if the 
fillets and round were not there. 

Exarctfle8(04«: 

1. Whatisafillet? 



2. Whatbaroimd? 

3. What is an oblique surface? 
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Exercises (047): 

1 . What are the image planes or planes of projection? 



2. What angle projection do the horizontal and the profile 
planes fall into in a logical order when revolved into the 
frontal plane? 



DEPTH 



Hgure 4-53. Third tog]e projection. 
4. What do fillets and rounds indicate on a drawing? 

Spcdfy the phnct of projection. 

Planes of Projectfcw . Tlie three planes usc^ 
projection arc the vertical (or fhMjtal) phinc, the horiiontal 
plane, and the profile plane. These planes revolve about 
certain axes to bring the three essential views of a multivicw 
drawing into a sinj^e plane. The horizontal plane revolves 
around the X-axis, and the profile revolves around the 
Y-axis. The axes are fbnned by crossing the horizontal and 
wilical planes, as shown in figure 4-50. The intersection of 
the horizontal and vertical planes generates four quadrants 
known as first, second, third, and fourth angles. An object 

may be placed in any of the four cjuadiants and its surftces 
projected onto the respective planes. 

First angle projection is a system used exclusively m 

European countries for making drawings. By placing the 

object in the first quadrant, the viewer looks through the 

object to the plane of projection. Upon revolving the 

horizontal and profile planes into die vertical planes, the 

three essential views assume the position shown in figure 

4-51. Notice tiiat the top view is below the fiont view and that 
the left side view is to the right of the front view. 

Second and fourth angle projections are rarely if ever used 
m working drawings. When the horizontal and profile planes 
arc revolved into the vertical place, both the top and front 

views arc 8iq)crin5)oscd. This ovcrlappuig of views tends to 
restrict the clear visibility of either view. 

Third angle projection is Uie system used in the United 

States and Canada for orthognyAic im>^^ 

figure 4-52 in quadrant ffl, the observer is always on the 

outside looking in, as compiired to the firrt anflc projection 

where the observer is kwking thnwgh the obje^ 

fdane. When the horizontal and piofile idanes are revolve 
into the vertical plane, the views of the object M into a 

lOgicd order. The top is directly above the front views, and 
the right side view is to the ri^of the from view (see fift 
4-53). •* 



048. Name and define the three types of axonometric 
projections. 

AxoDometrk Projection. Axonometric projection is an 
orthographic pictorial projection of an object whose three 
major surfeces are angles to a single plane of projection. As 
with other pictorial drawings, this type of jMojection gives us 
only an overril description of the external surfKes of an 
object and a three-dimensional concept of its shape, form, 
and mass. Since it is often necessary to show die natural 
appearance of the whole object, you can see the necessity for 
representing it pictorially. 

Objects having very complicated outlines can be 
represented by means of orthographic multiview drawings. 
However, to read some multiview drawings, a person must 
have a high degree of skill ard a constructive imagination. Tb 
msure that the person gets the correct impression ftom a 
drawing, a pictorial (axonometric or perspective) drawing is 
often used instead of, or in conjunction with, an orthognathic 
drawing. Many technical illustrations, design and patent- 
office drawings, etc., are made as one-plane pictorial 
projections. 

Since an object can be placed in an infinite number of 
positions in relation to the planeof projection, it is possible to 
make an infinite number of axonometric projections of the 
same object. 

The inclined position of die object with respect to the 
plane of projection is the distinguishing feature of 
axonometric projection as conqpared to multivicw projection. 
Since the principal edges and surfiu^es of the object are 
inclined to the plane of projection, the lengdi of the Unes, the 
size of the anises, and the genend projecticms of the object 
vary with the infinite number of possiUe positions in which 
the object may be placed with reqiect to the plane of 
projection. Projections ftom these infinite numbers of 
possible positions may be classified into three general types 
of axonometric projection-ii^omctric, dimetric, and trimetric. 

IjypesofAxotio^^ 
4-54, a projection of an obiect whose three visible surftces 
are at equal angles to the jrfane of projection is classifieds 
isometric projection. A pro ection of an object which has two 
of its three visible surftcei at equal angles to the planes of 
projection is called a dimetric projection. When all three 

surfeces are at unequal angles to the plane of projection, the 
projection is called a trinuetric projection. 




Fifure 4-S4. Steps in making « drawing. 
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ISOMETRIC 

THREE SURFACES 
AT EQUAL ANGLES 
TO THE 
PLANE OF PROJECTION 



DIMETRIC 

TWO SURFACES 
AT EQUAL ANGLES 
TO THE 
PLANE OF PROJECTION 




TRIMETRIC 

THREE SURFACES 
AT UNEQUAL ANGLES 
TO THE 
PLANE OF PROJECTION 



Rgurc4-55. Types of axonometric projection. 

..I^^^ ^^^^^ *^ projection of a cube in the three 
dttfcrcnt types of axonometric projection; the edges of the 
cube are foreshortened, since they arc inclined to the plane of 
projection. The degree of foreshortening of any line depends 
on Its angle with the plane of projection. The foreshortening 
increases as the angle becomes greater. 

It is customary to consider the three edges of the cube 
which meet at the comer nearest the observer as the 
axonometric axes. If the degree of foreshortening of these 
axes is determined, scales can be easily constructed for 
measuring along these edges or along any other edees 
parallel to them. 

Since t^e principles of the three different types of 
axonometric projections differ only with respect to the angles 
of the axes and the degree of foreshortening, we will limit our 
discussion of axonometric projection to isometric projection. 
TTie same or similar methods of construction can be used in 
dmnetric and trimetric projection. 

Prind^s of isometric projection. Tb produce an 
isometric projection, the object must be placed so that its 
principle edges make equal angles with the plane of 
projection (frontal plane). This means that from its normal 
orthographic position the object must be rotated 45^ about its 
vertical axis and then tilted forward around its horizontal axis 
until its principal edges make equal angles with the plane of 
projection. 

Figure 4-56 shows how an isometric is projected. Refer to 
this figurct as you read the procedure which follows. First, 
draw the top view showing the cube rotated 45^ from the 
normal multiview position. This places the two lateral faces 
oftbecubcatanangleof45^ to the plane of projection. Next, 
project the front and elevation views fiom this top view. 
Tlansfcr the elevation view so that the line AB iq)resenting 
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Figure 4-56. Isometric projection. 

the diagonal axis of the cube is perpendicular to the plane of 
projection. Line AE is now a horizontal line. Locate points 
A, B, C, D, and F on your drawing paper by projecting them 
from the orthographic front view and the repositioned 
elevation view. Complete the isometric by drawing lines 
between the appropriate points. 

Notice in figvje 4-56 that the three edges AB, AC, and AD 
of the isometric arc foreshortened equally. If you measure 
these lines anc, compare them with the dimensions in the 
original cube, you will find that they are about 82 percent of 
true length. Also notfce that the isometric axes (in this case 
AB, AC, and AD) make 120** angles with each other. All 
lines parallel to these isometric axes are called isometric 
lines. All planes parallel to the faces of the cube arc called 
isometric planes. Lines and planes which do not fulfill these 
conditions arc called nonisometric. 

Foreshortening. A correct isometric view may be drawn 
by actual projection by foreshortening all isometric distances 
to approximately 82 percent of true size when the view is 
drawn. A three-quarter size scale (3/4" = 1 ") may be used to 
approximate the correct measurements for foreshortening 
isometric lines. When an isometric view is prepared by using 
a normal scale, the resulting representation is called an 
isometric drawing. An isometric drawing is similar to an 
wometric projection, excqH for size; the drawing is not 
foreshortened. Because isometric drawings are made full 
size or full scale, it is standard practice to make isometric 
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ISOMETRIC DRAWING ISOMETRIC PROJECTION 
Figure 4-57. Isometric views compared. 

drawings instead of true isometric projections. Rgure 4-57 
shows the con^wrison between an isonaciric drawing and w 
isometric projection. When the axes measurements arc 
drawn M size using a regular scale, the isometric drawing is 
about 22.5 percent larger than die true projection. It is much 
more practical to use an iscHnetric drawing than it is to use an 
isometric Injection, sinc<? measurements can be niadc niuch 

more easUy, However, when a projecdon is required, it is 
easier to constnict die isoHMtric by isonaetric measureinents 
than it is Ae actual projection nxliiod. The fonow^ 
mcAod you use to construct an isometric scale if die correct 

scale is not available to you. 

Isometric scale. When a drawing is made widi an 
isometric scale, die isometric dimensions of die object are die 
same as if it were actually projected on a plane of projection. 
As we stated previously, an isometric scale is a three-quarter 



size scale. Its dimensions are approximately 82 percent of a 
regular scale. The following procedure for constructing a 
scale is illustrated by figure 4-58. 

(1) Draw a horizontal line. 

(2) Draw tiie45° line to tile horizontal line. 

(3) Using your regular scale, mark off die units and 
intermediate divisions on die 45° line. 

(4) Draw lines perpendicular to die horizontal line to each 
division mark. 

(5) Draw die 30° line. 

(6) Place a piece of paper, cardboard, or some similar 
material along die 30° line as shown and mark die isometric 
divisions on the material. 

Durii^ the discussion which follows on making an 
isometric drawing by die box mcdwd, no numerical 
dimensions (only literal) are used. If numerical dunensions 
weic givai, diey could be eidier isometric scale or regular 
scale units— die roediod of drawing would be the same. 

Isometric drawing. Remember, die only difference 
between an isometric drawing and an isometric projection is 
die scale used. Refer again to figure 4-57. Note diat die 
isometric projection was **drBwn" widi an isometric scale, 
and die drawing widi a regular scale. Isometric drawings are 
built on a skeleton of dnee lines rq)resenting die direc 
principal edges or axes of a cube. All measurements are made 
along diese axes or lines parallel to diem (isometric lines). 
The location of nonisometric lines and odier points must be 
found by coordinate measurements which are made parallel 
to die isometric axes. (Only isometric lines and planes are 




Rgure 4-58. .nctric icalc. 




Figure 4-59. Box method for isometric drawing. 



shown in true length in isometric drawing and piojection.) 
An easy way to represent an obj ect in an isometric dmwing is 
by the box construction method. First, we*ll discuss the 
construction of an isometric box and ^llow with inseitingthe 
object in it. 

Box consiruction. The procedure which follows shows 
the method for drawing an isometric rectangular box whose 
sides coincide with the main &ces of die object— height, 
width, and depdi. Refer to figure 4-59 as you study t' e 
following pnx^edure. 

(L From a point which represents the lower front comer 
(1) of the box, draw the three light construction lines as 
shown inpartBoffigure4-59.Theselines, 1-2, 1-4, and 1-3, 
are the dute major axes for constnictii^ die isometric box 
shown in parte. 

b. Irom this lower front corner (see pait C), start 
building the inclosing box by transferring the height, wdth, 
and dq)di dimensions fiom the ortfac^iaphic (multiview) 
drawing of part A. After die conien(l throng 4) have been 
^tablished, com|dete the box i^r dniwii^ the par^ 
(isometric lines) as shown in the illustratioD. These lines 
establish comers X, Y, and Z. 

c. The box can also be conqileted in die following 
manmtr Notice diat at die top front comer (4) of die box, die 
axes make 120« angles widi each other. Because die 



mdosing box is made up of isometric lines, you can complete 
It by using your T-square and 30^- 60" triangle and architect 
scale or dividers. Now, let's draw die object by means of die 
isometric box. 

Dmwing the object The object drawn by means of die 
box is shown in part D of figure 4-59. Notice how 
measurements from part A set off on die corresponding 
isometnc edges. Be sure to foUow die rule of making all 
measurements on only die isometric axes or isometric lines 
As you suidydiese illustrations, use yourdividere to compare 
the measurements. These measurements coincide widi tiiose 
m die multiview dmwing because diis is an isometric 
drawing, not a projection. 

Now use die coordinate mediod to draw nonisometric 
lines. This is done by making measurements along isometric 
lines to locate die end points of die nonisometric lines. An 
^JMn^le of a nonisonaetric line located in d» 
edge of die oblique in die isometric view. This oblique 
edge is located on die isometric view by first maridng off 
Jttaa A + C (sec part A) on die upper left ed^ 
tit«t &ce of die box. This establishes one end point of die 
oWique edge. The odier end point is located by maridng 
dii^nce D-Eoffon die lower part of die base line of die same 
net. Remember diat, in dmwing bodi isometric and 
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Figure 4-60. Curves 

nonisometric lines, all lines parallel with each other in the 
object arc represented by parallel lines on an isometric view. 
Furthermore, notice that the only dimensions which do not 
coincide with the multivicw arc those of the oblique portion 
and the an^e. The size of an angle is changed when it is in an 
isometric drawing. 

After the drawing is finished, erase the light construction 
lines. These lines arc indicated in part D of figure 4-59. 

NOTE: In isometric drawing, do not show invisible edges 
unless th^ arc necessary for a clear description of the part. It 
is common practice in all pictorial drawing to omit all 
invisible lines, provided they arc not needed to explain some 
hidden fcaturc. Also, you should avoid excessive use of 
center lines, to show the axes of symmetrical parts. Use 
dimension lines to indicate dimensions. 



Curves in isometric. The offset method of measuring is 
widely used in the drawing of curved lines. This method 
consists of locating points through which the desircd curve is 
drawn. Figure 4-60 shows how to draw noncircular curves 
from points plotted by offect measurements. The curves in 
solid figures usually appear in pairs as parallel curved edges 
of the object, lb simplify your drawing, draw one curve by 
plotting the points and then draw isometric lines from the 
points. Find the remaining parallel curve by stepping off the 
distance along corresponding isometric lines. Here's how 
this is done. 

Figure 4-60 consists of four parts which show the steps 
used to make an isometric drawing of an object containing a 
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in isometric projection. 

curved surface. First, draw the orthographic top and front 
views of the object as shown in part A. In the top view, select 
at random along the curve any number of desired points, such 
as 2 through 6. (Points 1 and 7, being the ends of the curve, 
are established points.) Use enough points to fix accurately 
the path of the curve. Draw vertical and horizontal offset grid 
lines from these points. 

Draw the isometric box as shown in part B of figure 4-60. 
Lay off along isometric lines the dimensional measurement A 
and the offset measurements B and C from the top viev to 
locate points 1 and 2 on the curve in the isometric box. Locate 
the remaining points by using the same offset method. This 
step is shown in part C of the figure and represents a 
continuation of step B. After locating all points, sketch a light 
freehand curve dirough the points as shown in the 
illustration. 

Notice in the front view of the multiview projection chat 
points r through 7' arc established by projection from the 
top view. Locate these points in the isometric (sec part D of 
fig. 4-60) by drawing vertical lines downward from points 1 
through 7, making all lines equal to the dimension D shown in 
the Orthographic front view. Sketch a light freehand curve 
through the ends of these lines (points 1' through 7'). 
Complete the curved surface by drawing the finished curve, 
using an irregular curve as a guide. 

Cirtles in isometric. When a circle lies in a plane which is 
not parallel with the plane of projection as in isometric 
drawings, the circle projects as a true ellipse. However, an 
approximate ellipse is accurate enough for nearly all 
isometric drawings. (Ellipses were presented earlier.) An 
approximate view of a circle can be drawn by the four-center 
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Figure 4-61. Circles in isometric projection. 
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Figure 4-62. Isometric circle on nonisomctric pUnc. 



Hgure4-63. Angle in isometric. 

method. This construction can be used only for ^ circle which 
lies in an isometric plane. 

Part A of figure 4-61 shows a circle inscribed in a square 
which is parallel to the image plane, lb draw this circle in 
isometric form, the first step is the construction of an 
isometric square with sides equal to die diameter o( the 
circle, the same dimensions as in part A. Part B of figure 4-61 
shows the construction of the isometric square. You can sec 
that it is drawn by means of the 30^ - 60*' triangle usmg the 
principle of parallel lines. Now, let's inscribe the ellipse 
wiAin this isometric square by means of the four-center 
method. 

Locate the midpoints, a, b, c, and d, of each side of the 
square, and then connect points ag and bh (see part C). Next, 
draw the long diagonal. This diagonal makes an angle of 60^' 
with the hori23ontal. The points of intersection, e and f, of the 
lines ag, bh, and the long diagonal are centers for the two 
short arcs. The centers for the two long arcs are points g and 
h. Now draw the ellipse with a compass (sec part D). 

Using point e as center and radius ae, draw arc ac. 
Similarly, using point f as center and radius bf (same as ac), 
draw arc bd. Now we have the two short arcs. The long arcs 
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Figure 4-64. Construction of an object. 



are drawn in the same way. Using point g as center and radius 
ag, draw arc ad; and then using point h as center and radius 
hb, draw arc cb* Thus, the four-center ellipse is completed. 
The four arcs shown in part D were purposely not connected 
to show the four separate arcs. 

Part E of figure 4-61 shows the construction of the 
four-center ellipse upon the three visible feces of a cube. 
Notice that two of the long diagonals are 60° to the 
horizontal, the other is horizontal, and all three are of wjual 
length. Hence, the entire construction can be made with a 
T-squaie and 30° - 60° triangle. Observe this figure closely, 
and you will sec that each ellipse is constructed by the 
four-center method in the way we described eariier. Use your 
compass or dividers and locate the centers and radii of the 
arcs on the feces by the method just explained. 

Isometric circle on nonisometric pime* Circles and 
circular arcs in nonisometric planes are plotted by using the 
offtct or coordinate method. Figure 4-62 illustrates how this 
construction is made. Observe this illustration carefully as 
you study the following procedures. 

a. To begin, draw an isometric box around the object 
according to the orthographic dimensions (see part A). 
Notice tlmt the object is drawn without the ellipse on the 
inclined face. 



b. Next, dmw an ellipse on face BHGT using the 
orthographic dimensions to construct it and space it 
correctly. The isometric circle (ellipse) may be constructed 
by means of the four-center method. 

c. Construct a series of planes parallel to fece ADCB. 
(Five planes are shown in the figure. ) One edge of each plane 
is represented by a line parallel with face AEGH and the other 
edge by a line parallel with face BHFG. For instance, notice 
edges S'S and ST, which represent one of the planes. 

Draw diagonal lines (parallel with AB) along the 
sloping surfece to complete the limits of the constructed 
planes. For instance, ST is the diagonal for one particular 
plane. These diagonal lines lie on the sloping surface. 

e. At points where the planes cut the isometric circle, 
draw isometric projection lines parallel to AH to intersect 
corresponding sloping lines. The point at which a projection 
line intersects a sloping line is a point on the required ellipse. 
For example, note that line ST cuts sloping line S'T at point 
P. Thus, point P is an established point on the required 
ellipse. 

Other points are established in exactly the same manner. 
You can see the more planes that are drawn, the greater the 
number of points that can be established; hence, a smoother 
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C, 30* 



D. 45* 
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E. 30* 



60* G. 60' 

Figure 4-65. Variations in views by angle of receding axes. 




H. 60* 



ellipse can be drawn through the points by means of an 
irregular curve. 

Angles in isometric. Recall that an angle projects true size 
only when the plane of the angle is parallel to the plane of 
projection. Since in isometric the surfaces of the object arc 
inclined to the plane of projection, the angles arc not 
projected in true size. Any angle may project larger or 
smaller than true size, depending upon its position. Hence, 
an angle must be drawn by linear measurements along 
isometric lines, not drawn by the actual degrees of the angle. 

Rgure 4-63 shows the isometric drawing of a triangular 
object from the multiview. The inclosing isometric box is 
constructed by transferring dimensions from the multivieu'. 
The vertex of the equilateral triangular surface is found by 
locating point A by measurement (from the multiview) along 
an isometric line, as shown. Of course, point A is midpoint 
because the triangle is equilateral. Notice that none of the 
angles are 60° in the isometric, lb verify this fact, measure 
each angle in the isometric with your protractor. 

Construction of an object containing curves. Rgure 4-64 
shows the steps in constructing an isometric drawing of an 
object which is conqwsed of a cylinder and curved surfaces. 
Study the steps shown in the illustration. Use your dividere to 
compare measurements, and you should see the principles of 
this particular method. 

First box in the object as shown in part A of figure 
Then mark offpoints on the object and draw horizontal lines 
from these points to the box. Using the dimensions of the 
orthographic views, draw an isometric box as shown in part 
B. Then draw the cyluidrical portion and the base of the 
obiect. Next, as shown in part C, lay out the isometric lines 
representing the horizontal Imes drawn on the orthographic 
views. Use these lines to locate the two curves and webs. 



Complete this step by using your irregular curve to draw the 
two curves through the points as shown. Part D shows the 
finished drawing. 



Exercises (048): 

1 . What does the term isometric mean? 



2. For isometric projections, the object must be rotated 
how many degrees around its horizontal and vertical 
axes? 



3. In all axonometric projections, the sum of the angles 
formed by the three axes is 



4. In which type of axonometric projection are the three 
angles formed by the axes unequal? 



5. What arc the three types of axonometric projections? 



049. Define cavalier and cabinet oblique projection 
drawings. 
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Figure 4-66. Changes in appearance by foreshortening. 



Oblique Projections. The construction methods for 
isometric and oblique drawing are similar. To simplify an 
oblique construction, choose as the front face the one 
showing the most description of the object and place it 
parallel to the image plane. After this, the drawing is made by 
the box construction method— similar to isometric. Other 
steps in oblique drawing include skeleton construction 
method, circle and arcs not parallel with the image plane, and 
angles. We'll cover these in order. But first we'll discuss 
foreshortening of receding lines and the construction of 
obliaue drawing, based upon cavalier and cabinet. 

Cavalier and Cabinet '^pes. Following arc the 
definitions for these two particular types of oblique 
projections (see fig. 4-65). 

(1) An oblique drawing is called a cavalier when the 
receding lines arc true length. (Projectors at an angle of 45** 
with the image plane.) 



(2) An oblique drawing is called a cabinet when the 
receding lines arc drawn half of true length. 

A projection which does not fall into either category is 
usually called just an oblique projection. Since in the oblique 
projections shown thus far the projectors have been at an 
angle of 45** with the image plane and the projected lines in a 
cabinet drawing, the receding lines are half of the true length. 
Theoretically, this means that the projectors make an angle of 
about 63.5** with the image plane; consequently, the lengths 
of the receding lines arc foreshortened to half of true length. 
However, we'll not cover the actual mathematics, since the 
desired length of receding edges may be drawn by 
measurement. 

Figure 4-66 shows the difference in the apparent shape of 
a cube that results by foreshortening the receding lines. 
Notice that the receding lines of the cabinet drawing arc half 
the true length of the cavalier. Often a cabinet drawing is 
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Figure 4-67. Box construction method. 
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Figurc4-68, Skeleton construction. 



preferred to a cavalier, depending upon the dimensions of the 
object. As in the case of the cube, the cabinet projection 
appears less out of proportion than the cavalier. 

Box construction method. The steps for making an 
oblique drawing from the orthographic views are shown in 
figure 4-67. Refer to the figure as you check the following 
steps. You'll see that the principles of the box method in 
oblique and isometric drawing arc identical. 

a. As shown in part A, construct the box whose 
dimensions coincide with those in the orthogn^hic drawing. 
In this case, the angle chosen between the receding lines and 
the horizontal is 30°. However, this angle may be 45° - 60° 
or any number of degrees, as noted in the figure. Note that 
dimensions A, B, and C arc the same as in the orthographic 
drawing. Since dimension C is true length, the drawing is a 
cavalier. (Measure the dimensions with your dividers.) 
Observe that the box is constructed by using parallel lines, as 
in isometric. 

b. As shown in part B, lay out the various shapes in detail 
in accordance with the orthographic drawing. Notice that the 
45 ° sloping surface may be drawn by using dimensions D and 
E. 

c. Make all outlines heavy as shown in part C. Then erase 
all construction lines. 

The box method of constructing a cabinet drawing is the 
same as that of the cavalier, except that the receding lines are 
foreshortened by measurement to one half of true length. 



Skeleton construction method. If the curved outlines of 
an object lie in planes that are parallel to the image plane, it is 
not difficult to make an oblique drawing on a center-line 
skeleton. 

Often objects adaptable to oblique representation consist 
of cylindrical shapes b^ilt upon axes or center lines. In such 
cases, the oblique drawing is usually constructed upon the 
projected center line. This method is known as skeleton 
construction. 

Figure 4-68 illustrates the procedure in making an oblique 
drawing of an object, which is composed of cylindrical 
shapes, from the orthographic views. Now let's discuss this 
construction in a logical sequence. 

a. First, construct the center-line skeleton as shown in 
part A of the illustration using the following steps. 

(1) Draw the receding axis abc of sufficient length at the 
desired angle with the horizontal. (In this case, 30° is used.) 

(2) At points a, b, and c on this receding axis, draw the 
horizontal and vertical center lines to establish centers of the 
corresponding circular surfaces. Observe that distance ab in 
part A equals distance ab in the orthographic side view and, 
likewise, distance be equals the depth be in the side view. 

(3) Draw perpendiculars downward from points b and c. 

(4) Using the distance between the centers of the circular 
surfaces in the front orthographic view— or the corresponding 
distances in the side view— locate points d and e on the 
perpendiculars. 

(5) Through points d and e, draw receding axis de, which 
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Figure 4-69. Foreshortening an ellipse. 

is parallel to receding axis abc. Notice that distances be and 
deon the receding axes arc equal and arc the same as depth be 
in the orthographic side view. Thus, we've established the 
centers of the circular surfaces. 

6. Part Boffigure 4-68 shows the method of constructing 
on the circular surfaces and the corresponding outlines. The 
steps arc as follows: 

(1) Using points a and b as centers, draw the two circles to 
correspond in diameter with the one representing the shaft in 
the ortfiographic. The distance ab between the two centers is 
the length of the cylindrical shaft of the object. 

(2) Using points b and c as centers, draw the arcs which 
represent the rounded top of the object. 

(3) With point d as center, draw the circle with the same 
diameter as the one in tlie orthographic. As shown by the side 
view, this is a circular hole which extends through the object. 

(4) Using d and e as centers and a radius the same as the 
orthographic, draw the two arcs which represent the rounded 
bottom part of the object. 

(5) Draw tangent lines between both the top and bottom 
arcs and the arcs with centers a and b, thus completing the 
contour of the object. 

(6) Heavy-in all final lines and erase construction lines, as 
shown in parte. 

Circles in Oblique. It is not always possible to place an 
object so that all its curved surfaces arc parallel with the 
image plane. In such cases, a four-center approximate ellipse 
may be used to represent circles which arc not parallel with 
the image plane. However, this method can be used only 
\v*en the sides of Ae inclosing parallelogram arc equal. In a 
cabinet drawing or in any oblique drawing wherc the 
receding axis is foreshortened, the curve must be plotted by 
coordinate (offset) mcasurcments. The principles used in 
drawing an ellipse this method arc shown in figurc 4-69. 

Since the ellipse shown on the receding surface in figurc 
4^9 represents a circle on the surface of the object, the 
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Figure 4-70. Angles in oblique projection. 

receding surfece is first drawn as an orthographic view. This 
view is then used to establish coordinate points which arc 
used to establish similar points on the receding surface. The 
ellipse is then drawn through these established points. The 
following steps arc used to construct the ellipse. 

(1) Draw an orthographic view of the receding surface on 
a separate piece of paper and position it on the front surface of 
the drawing as shown in the illustration. 

(2) Divide the surfece of the orthographic view and the 
receding surfece of the drawing into the same number of 
equal vertical segments by drawing vertical coordinate lines 
as shown in the figurc. As you know, the segments of the 
receding surface arc one half the size of the orthographic 
segments. 

(3) On the orthographic, draw horizontal coordinate lines 
through the points at which the vertical coordinate lines 
intereect the circle. Extend these lines to the right edge of the 
view. 

(4) Draw receding lines from the right ends of the 
horizontal coordinate lines. The intersections of these 
receding lines and the vertical coordinate lines on the 
receding surface which corrcspond to the intersections of the 
vertical coordinate lines, horizontal coordinate lines, and the 
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Figure 4-71 . Principles of a sectional view. 
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circle in the orthographic view establish the path of the 
ellipse. 

(5) Use an irregular curve to draw the finished ellipse. 

(6) Remove the orthographic drawing and erase all 
construction lines. 

Angles of Oblique. Tb draw an angle of a specified 
number of degrees on the receding plane of an oblique 
drawing, you must first convert the angle into linear 
measurements. For example, if you arc given the dimensions 
and a sketch of the pictorial shown in figure 4-70, you must 
construct a right triangle whose dimensions arc the same as 
the given an^e. You can then use the dimensions of this 
triangle to obtain the corrcct dimensions of the angle on the 



receding surface. The following steps are used to construct 
the 30"* angle of the receding surface of the object shown in 
figure 4-70. 

(1) Construct the right triangle with the dimensions XY 
and the 30"* angle. The purpose of this triangle is to establish 
the length YZ. 

(2) Draw a line representing the receding axis of the 
oblique drawing. 

(3) Mark off the given dimension XY on this receding 
line. 

(^) Draw a vertical line from point Y on the receding line. 

(5) From the triangle drawing, obtain the dimension ZY 
and mark this distance off along the vertical line, starting at 
point Y. 
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becomes so confused by hidden lines that it is difficult to 
read, it is customary to draw one or more sectional views. 

A sectional view is one obtained by imaging the object cut 
by a cutting plane and a portion moved so that the internal 
details can be seen clearly. Thus, the invisible lines of a 
regular view become visible lines in a sectional view. A view 
may be partial sectional or full sectional, depending upon the 
particular requirement. 
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Figure 4-72. Cutting plane lines. 

(6) Draw a line between point Z on the vertical line and 
point X on the receding line. This completes the required 
angle. 

(7) Complete the oblique by drawing the two honzontal 
lines from points X and Z by marking off the depth dimension 
and by drawing the sloping line parallel to line XZ. 



Exercises (049): 

1. What determines whether a drawing is a cavalier or 
cabinet projection? 



Why is an orthographic view of a circle drawn before the 
ellipse in a cabinet drawing? 



To draw an angle of specific size on the receding plane, 
ihe angle must be converted into what measurement? 



4-8. Sectional Views 

Sectional views are used to clarify the internal details of an 
object which can be represented only by hidden lines in 
regular orthographic (exterior) views. When the internal 
details are complicated, a perplexing mass of hidden 
(invisible) lines may be required to describe the invisible 
features on an exterior view. Whenever an illustration 



050. Define the term cutting plane and specify its 
purpose. 

Cutting Plane Lines. Since a sectional view is obtained 
by imagining the object to be cut by a plane passing through it 
in a selected position and direction, this plane is called the 
cutting plane. The purpose of the cutting plane is to cut off a 
portion of the object, thereby exposing the internal features 
in the remaining portion. The position and direction of the 
cutting plane arc determined by you, the draftsman. You 
must visualize the object being cut by the plane placed in 
various positions, and then select the position which 
adequately exposes the desired internal details. The pictonal 
drawings in figure 4-7 1 show an object before and after being 
cut by a plane. 

The orthographic top and front (extenor) views of the 
object arc shown in part A of figure 4-7 1 . Notice the hidden 
lines in the front view which arc required to show the internal 
details. Part B shows the left portion of the object imagined to 
be removed by the cutting plane, thereby exposing the 
interior features in the right portion which lies behind the 
cutting plane. Observe that the hidden lines in the 
orthographic front view are shown as solid outlines in the 
sectional view. Notice how much clearer the internal features 
appear in the sectional view. 

The arrow in the pictorial part of figure 4-71 shows the 
direction in which the remaining portion of the object is 
viewed. Section lines in the sectional view represent the 
surfaces cut by the cutting plane. In this figure, the sectional 
view is constructed by projecting from the top view in the 
same way as the front orthographic view. 

A cutting plane line represents where a section of the 
object is imagined to be removed by the cutting plane. The 
cutting plane is indicated only in the view showing the plane 
as a line; therefore, a cutting plane line represents an edge of 
the cutting plane. The top edge of the cutting plane is shown 
by the cutting plane line in the top view of part B, figurc4-71 . 

Figure 4-72 shows three types of cutting plane lines whose 
parts arc drawn to conventional proportions. The dimensions 
shown on line AA arc approximate, and may be increased or 
decreased in accordance with the size of the drawing. All 
cutting plane lines arc weighted heavUy. Arrowheads at the 
ends of any type of cutting plane lines arc used to indicate the 
direction in which the imaginary cut surface is viewed. Since 
the cutting plane line rcprcsents the edge of the plane, it is 
apparent that the cut surface is viewed through the surface of 
the cutting plane. ^ u ♦ 

Line AA represents the edge of a cutting plane which cuts 
the object into two sections, either lengthwise or crosswise. 
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Figure 4-73. Auxiliary plane position. 

When an object is cut in ihis manner, a full sectional view is 
obtained. 

Line BB represents the edges of two right-angle cutting 
planes which cut a section in half. The view obtained is a 
half-section. In a half-section view, one-quarter of the object 
is imagined to be removed. 

ic represents the edges of a cutting plane which is 

"bent." In drawing an irregular object, it is often desirable to 
show several features which do not lie in a straight line. This 
is done by **offeetting" or bending the cutting plane. The 
view obtained is an q^et section, and the * *bends" may be at 
any angle. 

A cutting plane line may be omitted when the position of 
the cutting plane is obvious. This practice is acceptable in the 
case of symmetrical objects, where the cutting plane is 
understood to pass through the axis of symmetry. In brief, the 
cutting plane line may be omitted unless it is needed for 
clarity. However, if an offset cutting plane is used, its 
position must always be shown by cutting plane lines. 
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Figure 4'74. Complete auxiliary. 
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Exercises (050): 

1 . What is the purpose of a cutting plane? 



2. What is indicated by arrows at the ends of cutting plane 
lines? 



4-9. Auxiliary Views 

On many objects, there are surfaces and lines which do not 
show in true size and shape because they are not parallel to 
any one of the regular projection planes, lb build an object, 
the builder must know the true lengths of all lines, the true 
sizes and shapes of all planes, and, in some cases, the true 
size of the angle between intersecting planes. When these 
conditions are not shown in regular top, front, and side 
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Figure 4-75. Object with inclined face in glass box. . 
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Figure 4-76. Open glass box showing auxiliary plane position. 

views, additional planes of projection must be set up to show 
views* giving the needed information. These additional 
planes arc called auxiliary planes, and the views arc called 
auxiliary views. In this section, we'll discuss the glass-box 
method for explanatory purposes and then cover the method 
morc generally used-sometimes called the customary 
method of projection. 



if we wcrc viewing the surface in a direction perpendicular to 
the inclined fiice, as shown by the arrow. 

To obtain the true size and shape view, imagine a plane 
placed so that it is parallel to the inclined face. Notice that the 
rcfercnce line rcpresents the edge view of the refcrcnce 
(auxiliary) plane. Since the rcfercnce line is parallel with the 
inclined surface, the rcfercnce plane is parallel with the 
inclined surface. Consequently, the inclined surface 
projected on this plane is true size and shape. 

Figurc 4-76 shows the rcfercnce plane rotated to coincide 
with the plane of the front elevation. Notice that the plane is 
rotated about the rcfercnce line-the rcfercnce line (edge of 
plane) remains in the same position as it is in figure 4-75. 

On the imaginary auxiliary plane, reference lines can be 
placed at any logical distance from the inclined surface of the 
object. If the object is nonsymmetrical, such as the one 
shown thus far, the reference line represents the edge of the 
auxiliary plane. This line is called a nonsymmetrical reference 
line. However, if the face of the object is such that Ae auxiliary 
view will be synmietrical, the reference line is the line of 
symmetry. In this case, the line is called a symmetrical 
reference line, and it lies between and is parallel with edges 
of the auxiliary plane. 



Exercises (051): 

1 . What arc the two basic methods of projection? 



2. How would you obtain the true size and shape view'? 



051. Name the two bask methods of projections, and tdl 
how to obtain the true size and shape view. 

Glass-Box Method. Figure 4-73 shows an object with an 
inclined face inclosed in a glass box. Notice that the auxiliary 
plane is parallel with the inclined face. Therefore, the 
projection of the inclined face on this plane is true size and 
shape. Using the same method of opening the glass box as 
shown in figure 4-74, the various planes are hinged around 
the front plane and arc rotated until they coincide (lie m the 
same plane) with the front plane. The result of this rotation is 
shown in figure 4-74. 

Although the glass-box method is rather cumbersome and 
seldom used, it shows the principles of auxiliary views. Now 
we'll discuss the customary method of projection. 

Customary Projection Method. In this method, you 
assume a plane which either coincides with or is parallel with 
a selected surface of the object. In either case, that portion of 
the object projected upon this plane is shewn on the drawing. 
This statement applies to all types of orthogr^c projection, 
including auxiliary projection. 

Figure 4-75 shows the projected top view and front view 
of the object shown in the pictorial drawing. It is apparent 
that an auxiliary view is necessary to show the slanting 
surface in true size and shape. This auxiliary view is drawn as 



052. Specify how an auxiliary view is used. 

Classification of Auxiliary Views. Auxiliary views fall 
into three general categories: a single or primary auxiliary 
view, a partial auxiliary view, and a complete auxiliary view. 
Let*s discuss them in this order. 

Sm^ or primary auxiliary views^ These views may be 
subdivided into front auxiliary view, plan or top auxiliary 
view, and side or end auxiliary view. A single or primary 
auxilliary view is obtained by projecting from a principal 
view of the object, in which the inclined surface of the view 
appears as a line or edge. Figure 4-76 shows the auxiliary 
view projected from the front view. Since the projection is 
from the front view, it is a front auxiliary view. The principles 
of projecting auxiliary views from the plan or top view and 
the side or end view arc the same as from the front view. 

Partial auxiliary views. Since figure 4-76 shows only the 
inclined face of the object, it represents a partial auxiliary 
view. Since partial auxiliary views are the most commonly 
used, in the next section we'll present the principles of 
drawing them. 

Complete auxiliary views. Occasionally, it may be 
necessary to indicate how the entire object appears when the 
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Figure 4-77. Object requiring auxiliary view. 

inclined face is shown in true size and shape. A complete 
auxiliary view is shown in figure 4-77. Notice that sloping 
edge ab projects true length as shown a'fa', but edge be is 
foreshortened as shown by b'c'. This is because the plane in 
wrtich be lies is not parallel with the auxiliary plane 
Compare other dimensions in the same manner. 

Now let's cover the basic methods of drawing 
nonsymmetrical and symmetrical partial views. 

Ptalial Auxiliary View Drawing of Nonsymmetrical 
Object. In making a partial auxiliary view of a 
nonsymmetrical object, the first step is to draw a reference 
line that is parallel to the line which is the edge of the inclined 
surface (see fig. 4-75). Since this reference line is the edge of 
the auxiliary plane, this plane is imagined as being parallel 
with the indined surfecc. Hence, any line which lies on the 
auxiliary plane will also be paraUel with the inclined surface. 

Next, draw light projection lines at right angles from all 
points on the inclined surface (sec fig. 4-76) to the reference 
hne. Then lay off along these projection lines the 
perpendicular distances from the near ed«; of the surface as 
shown in the plan view. In this case, there are three lines, 
lines 1-2, 3-4, and 5-6, in the plan view, which show as 1 '-2', 
3'-4', and 5'-6' in the auxiliary view. Notice that lines 1-2, 
3-4, and 5-6 are equal in length to lines l'-2', 3'-4', and 
5'-6', respectively. As you can sec, the length of the 
reference line is the same as the inclmed surfece of the front 
view. Furthermore, notice that lines 2'-4' and 3'-6' are not 
the same length as the corresponding lines in either the plan 
view or the front view because now thty are shown in true 
length. 

Remember that the auxiliaiy plane is imagined to t' 
hinged to the plane to which it is perpendicular and is 
revolved into the plane of the paper, as shown in figure 4-74 

Drawing a Rartial Symmetrical Auxiliary View. Often 
It may be advantageous to position the reference plane 



throusn the center of the object. If the object is symmetrical, 
the construction is not difficult if the reference line is used as 
a center-line axis. Figure 4-78 shows a symmetrical curve 
plotted on a reference line which is a center-line axis The 
partial auxiliary view is constructed by locating a series of 
spaced points a^ong the curve by projecting lines determined 
by points established on the top view. Notice that the top or 
plan view shows thediameter of the circular cylinder, and the 
front view shows the slope and length of the inclined portion 
of the cylinder. 

In constructing the auxiliary view of the inclined surfece. 
draw reference (center) line R'L' parallel to the inclined 
surface and at any convenient distance ftom the surface; and 
draw reference line RL in top view through the center of the 
circle, as shown in figure 4-78. Next, draw some vertical 
hnes which are perpendicular to the reference or center-line 
RL (top view) to intersect the inclined fece, and extend them 
upward to intersect the upper portion of the circle 
circumference. For example, line 1-2 in the top view 
mtereects inclined edge XY at point B. The other points on 
hne XY arc established in the same manner. Then from point 
B, draw line BC parallel with lines XR' and YL'. (Lines XR' 
and YL' arc perpendicular to the inclined edge XY.) 
Continue this procedure by drawing the parallel lines from 
Uie other points located on the inclined edge, as shown in 
figure 4-78. 

Now, notice that points 1 and 2 in the top view are 
equidistant from the center line; consequently, the length HI 
IS equal to the length H2. Since this is also true of points 3 and 
4, 5 and 6, etc., we can locate points on the curve in the 
auxiliary view. On line BC, mark off H'l' equal to HI and 
H 2 equaltoH2,sothatpointsrand2'areequidistantfrom 
reference hne R'L'. These two points 1' and 2' are points on 
the ellipse of the auxiliary view. Repeat this operation untU 
sufficient points are established for drawing the eUipse 
through them, using an irregular curve. 

You can see that, if more points are located on the inclined 
line, more points can be established on the ellipK and 
consequently, a smoother curve may be drawn. 

Exercises (052): 

1 When is an auxiliary view required? 



Is an auxiliary plane of glass box rotated in the same 
manner as the other planes? 



3. 



If an auxiliary view is symmetrical, the reference line is 
on the of 
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4*10. Dimensioning 

In addition to the complete shape description of an object 
a drawing must give the complete size and location 

106 



description; that is, it must be dimensioned. A properly 
dimensioned drawing must show extension hnes and 
dimension lines terminated by arrowheads, easily read 
numerals indicating size, finish marks, and notes with or 
without leaders. From a drawing with these dimension 
standards, a machinist can make parts that fit properly when 
assembled. Dimensions arc given as linear distances, angles, 
or notes. Learning to dimension consists of three major 

factors: . . , 

(1) You must learn the techniques of dimensioning, and 
know such things as the character of the lines used, the 
spacing of dimensions, and the making of arrowheads. 

(2) You must learn the rules of dimension placement on a 
drawing to assure logical and practical arrangement with 
maximum legibility. . 

(3) You also must learn how to choose. These choices are 
based on the function of the part and the manufacturing 
process. 



053. Specify how to provide dimensioning for a drawing. 



The two basic methods used to give a distance on a 
drawing are a dimension and a note. A dimension is used to 
give a distance between two points, lines, planes, or 
combinations of points, lines, or planes. 

Typical dimensions are shown in foldout 2. Refer to this 
illustration as you read the following description of the 
dimension elements. 

NOTES. This method of distance description (see the 
local note, item 1, at the top of foldout 2, and the general 
note, item2, attheleftcenterofthe foldout) provides a means 
of giving explanatory jnformation along with a size 
dimension. The leader and arrowhead of a local note refer to 
the word statement of the note lo the proper feature of the 
drawing. Notes applying to the object as a whole (general 
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Figure 4-78. Symmetrical auxiliaiy view. 
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Rgurc4-79. Arrowheads. 

note) arc given without leaders. These general notes arc 
placed in some convenient place on the drawing. 

lines Used in Dimensioning. Extension lines, aimension 
lines, and leaders arc thin solid lines placed on the drawing 
for dimensioning purposes. They arc made the same 
thickness as center lines so that they contrast with the heavier 
outlines of the object. Refer to foldout 2 as you read the 
following characteristics of each line. 

Extension line. An extension line (item 3) extends fit^m 
the view to the dimension outside the view. Extension lines 
start about one-sixteenth of an inch from the outline of the 
object and extend about one-eighth of an inch beyond the last 
dimension line. As shown in the upper-left portion of foldout 
2, outlines and extended center lines may be used as 
extension lines. 

Dimension line. A dimension line (item 4) i.s a thin, solid 
line terminated at each end by arrowheads It indicates the 
direction and extent of the dimension. A numerical value 
placed along the dimension line specifies the number of units 
indicated. When the numerals arc in a single line, the 
dimension line is usually broken near the center, and the 
numerals arc placed in the open space. When the numerals 
arc in two lines, the dimension line is not broken, and one line 
of numerals is placed above the dimension line and the other 
below. 

Leaden A leader (item 5) is a thin, straight line that begins 
at a dimension or note and terminates in an arrowhead at the 
point on the drawing to which the dimension or note refere. 
The note end of a leader usually terminates with a short 
horizontal bar at the mid-height of the lettering at cither the 
beginning or ending of the note. Leaders that end at circles or 
arcs arc drawn as radial lines; that is, if extended, they would 
pass through the center. 

Arrowheads. The pointing ends of leaders and both ^^nds 
of dimension lines arc terminated with arrowheads (item 6). 
Draw these pointing symbols freehand. Use either one stroke 
or two strokes to form the point. Then complete the shape by 
drawing a line across the open end. If you use the one-stroke 
method to form the point, make the stroke toward the point 
and then away from it. If you use two strokes, make both 
strokes toward the point. After completing the shape of the 
arrowhead, fill in the center. 

Figure 4-79 shows the two common shapes of 
arrowheads. One has curved sides; the other has straight 
sides. Notice the proportion of the length to the width. The 
length of the arrowhead with curved sides is three times the 
width. Straight-sided arrowheads are longer and narrower 
and arc made with a broader stroke, which produces a blunter 
point. The two small arrowheads on the right indicate the 



normal size used on small drawings. These arc approximately 
one-eighth of an inch long. For large drawings, arrowheads 
may be as long as thrce-sixteenths of an inch. 

Dimensions. Since the numerical value or dimension 
(item 7, FO 2) is the most important element of 
dimensioning, the numerals must be carcfiiUy lettered. 
Either a vertical or an inclined style can be used. One-eighth 
of an inch for small drawings and five thirty-seconds of an 
inch for larger drawings are good general sizes. 

CommonfracHons. As shown in figure 4-80, a dimension 
may consist of whrle numbers, fractions, feet and inches, or 
decimals. When common fractions are used, the fi^ction bar 
is placed parallel with the guide lines, and the numerator and 
denominator are made somewhat smaller than the whole 
number so that the total height of the fraction is twice that of 
the whole number. The numerals do not touch the fraction 
bar. Notice that, when the dimension occupies the open space 
of a dimension line, the fraction bar is aligned with the 
dimension line, but the two do not touch. The three 
presentations at the right of the top row show the different 
ways to place the dimension when the space is limited. In one 
method you place the dimension figure between the extension 
lines and the dimension lines on the outside pointing toward 
the figure. When the space is too small to allow enough room 
for a figure, the dimension may be placed as in the two 
presentations on the right. 

Feet and inches. Dimensions in feet and inches arc 
rcprcsented with the symbols (') and ("), as shown in the 
center row of figurc 4-80. When the dimension is in even 
feet,^such as 6 feet and no inches, the dimension is written as 
6' 0*". When a dimension is in feet and a fraction of an inch, a 
zero is used in front of the fraction; for example, 6' 014". 
When the dimension is all in inches, the inch mark is usually 
omitted from all dimensions and notes urJess therc is some 
possibility of misunderstanding. For example, a note 
consisting of 1 DRILL would be written as 1 " DRILL so that 
it would not be interprcted as "drill one hole. ' ' 

On Air Force machine drawings, if no foot or inch marks 
appear, the dimension values indicate inches, unless a 
differcnt unit of measurcment is indicated by a general note. 
Parts of inchec arc given as common fractions or decimal 
fractions. Three differcnt systems arc used. 
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Systems of writing dimension values. When the smallest 
fraction of a dimension is onc-sixty-fourth or an inch or 
gieater, the common-fraction system is generally used. With 
this system all dimension values are written as units and 
conmion fractions* The common fractions used are 1/2, 1/4, 
1/8, 1/16, 1/32, 1/64, and the appropriate multiples of these 
fractions. Values containing these fractions can be laid out 
with a steel tape or with a scale graduated in sixty-fourths of 
an inch. 

The common-fraction, decimal-fruction system is used 
principally in machine drawing whenever the degree of 
precision rcquiied calls for fractions of an inch which are 
smaller dian those on the ordinary steel scale. The method 
used is as follows: (1) Give values in units and common 
fractions for distances not requiring an accuracy closer than 
one sixty-fourth inch , and (2) give values in units and decimal 
fractions for distances requiring greater precision. The 
decimal fractions arc given to as many decimal places as 
needed for the degree of precision required. In any case, the 
decimal point is naade sonaewhat laiger than is normal so that 

its position will not likely be misinterpreted. 

The complete decimal system uses two-place decinval 
fractious exclusively for all dimension values. The digits 
after the decimal point are preferably written to even 
fiftieths, such as .02, .04, .06, etc. , so that when halved, as 
for radii, etc. , the resulting figures are twoi)lace decimals. 
\Witing the values in even fiftieths allows the use of scales 
divided in fiftieths, which are much easier to read Uian scales 
divided in hundredths. 

Dimension values for distances requiring gref.ter 
precision dian that expressed by the two-place decimal are 
written to three, four, or more decimal places as needed for 
precision. 

When decimal equivalents are used for common 
fractions, some of them come out to a greater number of 
decimal places (significant digits) than is necessary or 
desirable for use as a dimension value. In such cases, the 
decimal should be adjusted or rounded off to a smaller 
number of decimal places. The foUowing procedure is 
recommended: 

a. When the figure bqrond the last figure to be retained is 
less than 5, the last figure retained should not be chan^. For 
example, 3. 14162 when rounded off to four places becomes 

3.1416. . ^, 

b. When the figure bqrond Ac last figure to be retained IS 

more than 5, the last fignre retained is increased by 1. For 
example, 1 .6875 becomes 1 .69 when rounded to two places. 

c. When the figure beyond the last place to be retained is 
exacdy 5 with only zeros following , the precedmg number, if 
even, is left unchanged: odd, it is increased by 1. For 
examine, 1.8125 becomes 1.812 and 1.6875 becomes 1.688 
when rounded off to three places. 
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Figurc4-81. Dimensioning geometric shapes. 

3. What is the length of an arrowhead? 

4. Why place a finish mark on a drawing? 



Exorcises (053): 

1. By what two methods may a distance be given in a 
drawing? 

2. List and identify the lines used in dimensioning. 



054. Specify bow to provide size, location, and standard 
dimensioning. 

Any object can be broken down into a combination of 
basic geometric shapes or forms. These forms are usually 
prisms, cylinders, pyramids, and cones. Any form may be 
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positive or negative, in the sense that a steel shaft is a 
positive cylinder and a round hole is a negative cylinder. 
This feature of breaking down an object into simple geometric 
forms is the basis of dimensioning. 

The complete description of an object consists of giving 
the shape, size, and location of all the object's basic forms. 
These dimensions must show the size of each geometric fom 
and the relatwe location of all forms. Knowing how to 
dimension simple geometric forms is essential to describing 
any object. 

Size Dimensiomi^. Since every solid has three 
dimensions, each of the geometric forms which make up the 
object must have its height, width, and depth indicated in the 
dimensioning. These distance values are called size 
dimensions. Refer to figure 4-81 as you read the foUowmg 
information on dirnensioning sinqrie geometric forms. 

Prism. The prism is the most conunon sh^ found in 
objects. Square, rectangle, or triangular prisms require three 
dimensions. The method of dimensioning a rectangular 
prism is shown in the illustration. The letter ''S" in the 
illustratwn indicates that this is a size dimension. Notice that 
the dunensions are placed between the views. Since two 
views (the top and front views) are all that are necessary to 
adequately describe this particular prism, the dq>th 
dimension can refer to die top view and be in line with the 
height dimension, thus eliminating the need for the side view. 
For regular hexagonal or octagonal types of prisms, usually 
only two dimensions are given: the length and either the 
distance across the comers or the distance across the flats. 

Pyrtttmd. Right pyramids are dimensioned by giving the 
dimensions of the base and the altitude. Right pyramids are 
often frustums (portion of a pyramid with the pointed section 
removed) which require dimension of both bases. 

Cylinder. A cylindei is the next most common geometric 
form. It obviously requires only two dimensions: length and 
diameter The general method of dimensioning a qrlinder is 
to give both its diameter and its length in Ac rectangular 
view. If clearness is gained, a diagonal diameter may be used 
in the view that shows the qriinder as a circle. The use of 
several diagonal diameters is usually confusing and should 
seldom be used. The radius of acylinderis never given, since 
measuring tools, such as the micrometer caliper, are 
designed to check diameters. Small qrlindrical holes, such as 
drilled, reamed, or bored holes, are usually dimensioned by 
nwans of notes specifying the diameter and the depth, along 
with the required shop operation. 

The top view of the cylinder shown in figure 4-81 would 
be unnecessary if the dimension of the hole were placed on 
the rectangular view in the same position as tfie 
corresponding dimension on the view of the cone below. 
However, the dimension in this position would not indicate a 
diameter In such cases where it is not clear fiom die view 
that a dimension indicates a diameter, the abbreviation 
••DIA' ' or * *D*' is given after the dimension figure. 

Cone. Right cones are dimensioned by giving the altimde 
and the diameter of the base. They usually occur as frustums 
L w'"* require dimensions of height and both diameters. 
Oblique cones arc dimensioned in the same way as right 
cones but with an additional dimension parallel to the base to 
give the offset of the vertex. 

Sphere, A sphere is dimensioned by giving the diameter 






Rgurc4-82. Dimensioning circles and arcs. 

and adding the word •'SPHERE. " Figure 4-81 also shows 
how a flat surface on a sphere is dimensioned. 

2&ms. TTiis doughnut-shaped form is dimensioned by 
giving its outside diameter and its thickness. As you can see 
in the figure, both of these dimensions are given on the front 
view. 

Location Dimensiomng. In addition to dimensioning the 
basic geometric shapes for size, you must give dimensions 
which will position each form in relation to the other 
&tablish the location or position in hei^t, width , and depui 
diitctions. Locate rectangular shapes with reference to their 
laces and cylindrical and conic sh^ with reference to their 
center lines and their bases. 

P^cular care must be exercised in the selection and 
placmg of location dimensions, because upon them depend 
die accuracy of the operations in making a piece and tiie 
pnq)er mating of a piece with other parts, lb select location 
dimensions intelligentiy, you must first determine tiie contact 
surfeces, finished surfeces, and center Imes of tiie basic 
^metric forms and, witii tiie accuraqr demanded and tiie 
roetiiod of production in nrnid, decide from what otiier 
surfaceorcenter line each should be located. Matinglocation 
dimensions must be given from tiie same center line or 
finished surfece on bofl) parts. Location dimensions may be 
fix)m center to center, surface to center, or surfece to surfece. 

Dtaendonii^ Standard Features. Many basic shapes 
occur so often m mechanical parts tiiat tiiey can be considered 
as standard features. As such, tiiey deserve special 
dimensioning consideration. The standard features include 
circles and arcs, curves, angles, chamfers, tapere, holes, 
countersinks, counterbores, spotfaces, and shapes witii 
rounded ends. 

Gnies and arcs.The metiiods of dimensioning circles 
«Kiarcs are shown in figure4-82. For a circle tiie diameter is 
tiie essential dinaension. When a series of concentric circles 
are dimensioned on tiieir circular view, tiie dimension values 
should always read fiom tiie same direction, if possible. 

Arcs are dimensioned by giving tiie radius on tiie view tfiat 
shows tiie true shape of tiie curve. The dimension line for tiie 
radius is always drawn as a radial line and at an angle witii 
tiie horizontal. A radial dimension line should never be 
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Figure 4»83. Dimensioning compound circular cun-cs. 



drawn horizontally or vertically. A sniall cross is used to 
mark the center. The numerical value is usually followed by 
the letter **R/' designating radius. If the size of the radius 
and the space for the value permit, both the dimension line 
and the value are placed inside the arc. If the space for the 
value is limited, the line may be placed inside and the value 
outside. For very small arcs, both the line and value may be 
placed outside the arc. 

When the center of an arc lies outside the limits of the 
drawing, move the center closer along the center line of the 
arc, and jog the dimension line to meet the new center. Draw 
the portion of the dimension line adjacent to the arc as a radial 
line of the true center. 

Curves. Dimension a compound curve composed of 
circular arcs by giving the radii of these arcs and the location 
of their centers, as shown in figure 4-83. An important 
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Rgurc 4-84. Dimensioning irregular curves. 
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Figure 4-85. Dimensioning angles. 
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Figure 4-86. Dimensioning chamfers. 
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Rgurc4-87. Dimensioning tapers. 

consideration of this type of curve is the termination of each 
arc. For this particular curve, the arcs adjacent to each other 
terminate at the intersection of the curve and a line drawn 
through their centers. 

Dimension curves are those for which great accuracy is 
not required by ofEset or coordinate points on the curves, as 
shown in figure 4-84. For greater accuracy, dimension from 
datum features. If the curve in figure 4-84 were dimensioned 
by the datum system, each horizontal dimension would be 
measured from the right vertical edge, and the vertical 
dimensions would be measured from the bottom edge. Thus, 
each dimension would be independent of the others and 
would be more accurate. 

Anpts. The dimension line for an angle is a circular arc 
with its center at the intersection of the sides of the angle. 
Four different methods of dimensioning angles are shown at 
the top of figure 4-85. The dimension value is usually placed 
horizontally, as shown in the three examples on the left. 
Occasionally, the value is aligned with the dimension arc, as 
shown on the right. As you can see, this system requires a 
large angle. A typical application of angle dimensioning is 
shown at the bottom of the figure. 

The space available determines the position of the 
dimension value and dimension arc. When there is enough 
space, both value and arc are placed inside the two sides. 
When the space is limited, the value may be placed inside and 
the arcs outside, or both may be placed outside. 

Chamfen. These are beveled external or internal edges. 
The 45° chamfers are dimensioned as shown in figure 4-8 at 
(A) and (B) or by a note, such as chamfer 1/8 x 45^ If the 



chamfer angle is other than 45 , it is dimensioned as at (C) of 
figure 4-86. 

Thpers. A taper is a conical surface of a shaft or a hole. 
The method of dimensioning tapers depends on the method of 
manufacture and the accuracy required. If the specification 
calls for a standard taper, the dimension indicates one 
diameter and the length. The general method shows the 
diameters of both ends and the taper per foot. An alternate 
method is shown in figure 4-87. This method gives one 
diameter, the length, and the taper per foot. The taper per 
foot is defined as the difference in diameter in inches for one 
foot of length. 

Holes. Drilled, reamed, bored, punched, or cored holes 
arc usually dimensioned by note, giving the diameter, 
operation, and depth if required. The order of items in a note 
corresponds to the order of procedure in the shop in 
producing the hole. A typical note is as follows: 

Vi DRILL H DP - 2 HOLES 

Two or more holes of the same diameter are dimensioned by 
a single note with the leader pointing to one of the holes. The 
leader generally points to the circular view of the hole. It is 
placed on the rectangular view only when it promotes 
clearness. 

Figure 4-88 shows three methods of dimensioning the 
depth of a hole. Shown at A is the method used when the 
depth of the hole is not important to the functioning of the 
part. When the clearance at the bottom of the hole is 
important, use the dimension method shown at B. When the 
depth of the hole is important to the functioning of the part, 
dimension the hole as shown at C, 

Measure the location dimensions for holes from a finished 
surface used as a datum plane, or from an important center or 
center line. Dimension holes equally spaced about a common 
center by giving the diameter (diagonally) of the circle of 
centers (commonly called the bolt circle) and by specifying 
"EQUALIY SPACED'* on the note. 

Locate holes which are unequally spaced about a common 




Figure 4-88. Dimensioning holes. 
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Figure 4-89. Two methods of dimensioning holes. 
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Rguie4-90. Dimensioning countersinks. 



center by means of the two methods shown in figure 4-89. 
Locate them by means of the bolt circle diameter plus angular 
measurements with reference to only one of the center lines, 
as shown by the illustration on the right. Where greater 
accuracy is required, give rectangular or coordinate 
dimensions. This method is shown on the left. When using 
rectangular dimension, mark the diameter of the bolt circle 
"REF" to indicate that it is to be used as a reference 
dimension. Reference dimensions arc given for information 
only. They arc not intended to be measured and do not govern 
the shop operation. 

The two small holes in foldout 2 arc on a conunon center 
line. In such cases, one dimension locates one hole from the 
center line of the part; the other gives the distance between 
the holes. Note the omission of a dimension between the 
center line and the lower hole. This method is used when (as 
is usually the case) the distance between the holes is the 
important consideration. When the relation between the 
center line and each of the small holes is more important, the 
dimension is included between the center line and both holes, 
and the overall dimension is marked *'REF." 

Holes may be located by givmg dimensions from a base 
line or datum. When all holes arc located from a conunon 
datum, the sequence of measuring and machining operations 
is controlled, overall tolerance accumulations arc avoided, 
and proper functioning of the finished part is assured. The 
datum sur&ces selected must by more accurate than that 
required of any measurement made from them, must be 
accessible during manufacture, and must be arranged so as to 
facilitiate tool and fixture design. It may be necessary to 
specify accuracy of the datum surfaces in such terms as 
"straightness," "roundness," and "flatness." 

Couniersink. A countersink is a conical depression at the 
top of a hole to acconunodate the head of a screw. 
Countersinks arc dimensioned as shown in figurc 4-90. The 
linear dimension indicates the distance across the lop of the 
countersink. The dimensions of the rivet, bolt, screw, or 
other device to be inserted in the countersink determine the 
angle of its conical sides . 
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Rgoic4-9I. Dimensioning coimtcrborcs. 



Counkrbore. The counterborc is an cnlaigcment of the 
end of a drflled hole. It is cylindrical in shape and deep 
enough to allow a ^ific clearance. Each counterborc is 
dimensioned by a note with the abbreviation **C BORE,** a 
leader, the diameter, and the depdi of the borc. The two 
nnethods of dimensioning a counterborc are shown in fieurc 
4-91. * 

Spot/act. A spotiace is a machined area around a hole to 



permit accurate seating of a bolthead, washer, or nut. A 
^)otfeoe is specified by a leader ftom a note carrying the 
abbreviation **SF** and giving Ae diameter of the spotfece. 
This leader-note combination is usually giDuped with the 
leader and note giving the diameter of the hole, as shown m 
figure 4-92. 

Shapes with rounded ends. Methods of dimensioning 
shapes with rounded ends depend upon the degree of 
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Hguit 4-93. Dimensioning parts with rounded ends. 
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Figuir4-94. Dimensioning placement. 



accuracy required. When extreme accuracy is required, the 
methods shown in figure 4-93 arc recommended. The top 
illustration shows the dimensioning required for a 
rounded-end slot, and the bottom illustration shows the 
dimensioning required for a rounded-end link. Overall 
lengths of rounded-end shapes arc given in each example. 
The width of the slot and the Imk arc given and the radii arc 
indicated, but without specific values. In dimensioning the 
link, the center-to-ccnter distance is required because it is 
necessary to locate the holes accurately. 

When precision is not necessary, the two parts may be 
dimensioned by giving the distance between the centers, the 
width, and the radius of the rounded end of each shape. Of 
couise, the diameter of the holes in the link must also be 
given. 

Exercises (054): 

1 . What is meant by size dimensioning? 



>. What is the most conmion shape found in objects? 



3. Identify a right cone, a frustum of cone, and an oblique 
cone. 



4. What is meant by location dimensioning? 



5. List the shapes that arc considered standard featurcs. 



055* Specify the placement and order of dbnensionhig 
elements* 



With clarity the important consideration, therc arc many 
dimensioning practices or principles, some with the force of 
a rule, that must be used in dimensioning drawing. Most of 
these practices arc concerned with the placement of 
dimension elements and theprocedurc for dimensioning. 

Placement of Dimensions. In addition to the methods of 
dimensioning basic geometric forms and shapes that we have 
already discussed, the following principles or rules apply to 
good dimensioning. 

a. Place dunensions between views whenever possible 
(see fig. 4-94). If this is not possible, the next best position is 
on the outside of the views. When it is impossible to use either 
of these two positions, place the dimensions on the views 
themselves. If you place the dimension on the surface of a 
sectional view, omit the section lining around the numbers. 

i. Dimensions must read from the bottom and right side 
of the sheet of paper unless the unidirectional system of 
dimensioning is used. This means that the dimensions arc 
placed in the position shown in figurc 4-94. As you can see, 
the horizontal dimensions run from left to right, and the 
vertical dimensions run upward. In the unidirectional 
system, all dimensions arc placed horizontally. 

c. Without duplicating or crowding, indicate as many 
dimensions as practicable on the principal view; that is, the 
view which best shows the characteristic contour of the 
object. This rule is demonstrated in figurc 4-94, wherc width 
dimension is placed on the top view, the height dimensions of 
the featurcs arc placed on the front view, and the depth 
dimensions arc placed on the side view. The dimensions 
apply to one view only; that is, with dimensions between 
views, the extension lines should be drawn from one view, 
not from both views. 

d. Do not place unnecessary dimensions on a drawing. 
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Figure 4-95. Dimensioning line arrangement. 



This rule is also applied in figure 4-94. Notice that no 
dimensions are needed for the features on the right side of 
both front and side views because the other dimensions have 
already established these dimensions. 

e. Whenever possible, avoid crossing one dimension line 
with another. As shown in figure 4-95, the best method of 
preventing crossed dimension lines is to place the dimension 
line of the shortest distance nearest the outline of the object 
and to add parallel dimension lines in the order of the size of 
distances dimensioned. When crossing dimension lines with 
extension or leader lines is unavoidable, make a break in the 
extension line or leader line at the point of crossing. 
However, when two extension lines cross, neither line is 
broken, nor are extension lines broken when they cross 
outlines. 

/ Place dimensions by either the aligned system or the 
unidirectional system. The aligned system of dimensioning is 
used in figure 4-94. In this system, the dimensions parallel 
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the surface they dimension. The unidirectional system is 
used in figure 4-93. Here all dimension values are horizontal. 

^. Draw extension lines perpendicular to their related 
dimension lines unless increased clarity may be obtained 
otherwise. For an example of the exception, observe figure 
4-96. The top illustration shows that inclined extension lines 
permit a much clearer presentation of the curved line than do 
the horizontal extension lines used in the lower illustration. 

A. Keep parallel dimensions equally spaced. An example 
of this practice is shown at the upper right portion of foldout 
2. TTie space between the outline and the first dimension line 
is slightly larger than the spaces between the dimension lines. 
The ratios 2 to 3 and 3 to 4 are commonly used. For example, 
if the spaces between dimension lines are one-fourth unit or 
three-eighths unit, the distance between the outline will be 
three-eighths or one-half, respectively. 

/. Group related dimensions on the view showing the 
contour of a feature. 

J. As shown in figure 4-97, arrange a series of dimensions 
in a continuous line. When this practice places the dimension 
values so close together that they are hard to read, stagger the 
values to form two columns, as shown in figure 4-98. This 
makes the numeral much easier to read. 
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Figure 4-96. Use of inclined extension lines. 
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Figure 4-97. Grouping dimensions. 
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it. Place dimension values midway between arrowheads 
excq)t when a center line interferes or when the values are 
staggered. 

The following dimensioning practices have been so 
definitely established that th^ m^ be called rules. 

a. Do not use an object line, extension line, or center line 
as a dimension line. 

b. Always give location dimensions to the center of 
circles that represent holes, cylindrical projections, or 
bosses. 

c. When dimension figures appear on a sectional view, 
show them in a small , uncrosshatched portion so that they can 
be read easily. 

d. When an arc is used as a dimension line for an angular 
measurement, use the vertex of the angle as the center. 

e. Show the diameter of a circle, never the radius. 

/ Make dimensioning complete so that it is not necessary 
fbr workmen to add or subtract to obtain a desired dimension 
fTto scalethe drawing. 

g. Place dimensions on the view that shows the distance in 
i|0 true length. 

Order of Dfanensioniiig. A systematic order of working 
is % great help in placing dimensions. Foldout 2 illustrates the 
pigdedure. The steps are as follows: 

(1) Complete the shape description. 

^) Place the extension lines and extend the center line 
wl^ necessary. Plan for the location of both size and 
loqrtion dimiensions. Study the placement of each dimension 
an4aiike alterations^ if desirable or necessary. 

O) Add the dimension lines. 

^) t)raw arrowheads and leaders for notes. 



(5) Add dimension values. 

(6) Letter notes. 

Although the preceding procedure on the order of 
dimensioning is simple, a beginning draftsman may have 
trouble with the first step, because the drawing of the shape 
description must be done to scale; that is, the dista ces such 
as those fepresentii^ the width, height, and depth must be in 
correct relationship with each other, as indicated by the 
dimensions. Tb show you how this is accomplished, let's go 
through ♦he steps of the process used to draw the shape 
description of foldout 2. 

Before starting the actual drawing, mentally divide the 
object into its component geometric shapes, make a 
multiview sketch, and add size and location dimensions. Use 
this sketch as a model for the drawing. Make all construction 
lines light and use the following steps to make the drawing. 

a. Establish a reference line for each view. Since the 
bottom surface of the object is machined and appears as a line 
in the front view, it is the logical choice for the reference line 
of the front view. The horizontal center line makes the best 
reference for the top view. Position these two lines on your 
paper so that the two views are properly spaced. These two 
lines serve as reference lines for vertical measurements. 

b. On the top view, establish the vertical center line for 
the large hole. Then project it to the front view. These two 
lines serve as references for horizontal measurements. 

c. Establish the position of the vertical center lines f >r the 
hole on the left and the two holes on the right by marking off 
from the vertical center lines distances of 2% units to the left 
and 1 V4 units to the right. Then draw the two vertical center 
lines in both views. 

On the vertical center line of the two holes on the right. 
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Figure 4-99. Vanishing point and horizon. 



mark off the distance 7/8 of a unit to locate the center of the 
upper hole. From this center, mark off the distance 1 M units 
to locate the center of the lower hole. Then draw the 
horizontal center lines through these two points. 

e. Draw the forms that appear as circles in the top view, 
using 1/4 unit for the radius of the small holes, 17/32 unit for 
the radius of the large hole, 5/ 16 unit for the radius of the hole 
on the left, 1 unit for the radius of the large cylindrical form, 
and 3/4 unit for the radius of the small cylindrical form. 
Then, project the resultant circles to the front view. 

/ Using the center of the hole on the left as the center and a 
radius of 1 Vi units, draw the rounded end of the object. Then 
project the left end of the object to the ftont view. 

g. Draw the remaining edges of the object in the top view. 
The two edges that appear as horizontal lines are tangent to 
the semicircle which represents the rounded end of the 
object. The vertical line representing the edge at the other end 
of the object is located 4% units ftom the left vertical center 
line. Then project the right edge to the front view. 

A. In the fbnt view, draw horizontal hues representing 
the heights of the different forms of the object, making the 
height of the base 1/2 unit, the height of the small cylindrical 
form 3/4 unit, and the height of the large cylindrical form 1 % 
units. 

/. In both the top and front views, draw the lines 
representing the web between the two cylindrical forms. 

/ Draw all fillets and rounds, using a radius of 1/8 unit. 
This completes the construction part of the drawing. 

k. Finish the drawing of the shape description by erasing 
all unnecessary construction lines and tracing over all lines, 
giving them correct weight and character. 



Exercises (055): 

1. What is the most important consideration in dimen- 
sioning practice? 



2 . Where should dimensions be placed on a drawing? 



3. List the order of dimensioning. 



4. How are rough surfaces dimensioned? 
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4-11. Perspective 

Drawing a three-dimensional object on a two-dimensional 
surface is problematical. Children ignore such problems by 
drawing the objects as they know them to be, not as they 
appear. For example, when a child draws a house, he draws it 
as a rectangle (a square or oblong box form) and draws all the 
furniture in it. From his drawing, it would be very difficult to 
imagine how the actual house appears to a viewer. 
Unfortunately, perhaps, an illustrator is not often allowed a 
child's freedom. When he or she draws a house, he or she 
wants the observer to get an accurate image. Therefore, he or 
she cannot overlook the problems; instead, he or she uses a 
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Figure 4-100. Perspective principles and nomenclature. 



technique called perspective to make a two-dimensional 
drawing appear three-dimensional . 

Like any graphics specialist, you need to know the basic 
principles involved in perspective drawing. We discuss these 
principles in this ch^ter. If you learn thoroughly the 
fundamentals of perspective, you will be able to apply them 
in your drawing; these principles will become automatic. 
Let us begin our study with the fundamentals of perspective. 

056. Name and define each of the elements in a given 
illustration. 



If you were looking out the observation window at the rear 
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of a train, you might see a scene something like the one in 
figure 4-99. Why do some people have difficulty drawing 
such a scene? It is probably because they do not understand 
the principles of perspective on which such a drawing is 
based. If they draw a line slightly out of perspective, they do 
not know how to make it look right. By discussing ho\y to 
make the illustration accurately reproduce what you might 
see, we can introduce you to the principles, terms, and 
definitions of perspective drawing. Before you can use the 
language of perspective, you must learn these fundamentals. 

F^npective Principles and Nomenclature. One of the 
most important lines of perspective drawing is the horizon. It 
may be a visible line (as shown in fig. 4-99) that represents 
the actual horizon and the eye level of fiie observer, or it may 
be imaginary and not show at all. When the horizon does not 
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show in the final picture, an imaginary horizon is used to 
estobhsh both the eye level of the observer and the vanishing 
point (VP). The vanishing point is that point on the horizon 
toward which all lines representing parallel horizontal edges 
converge. Thus, in figure 4-99 the lines representing the rails 
and fences, which are parallel horizontal edges of the objects 
shown in the picture, converge to the single point, VP. 
NoUce in the scene that only the horizontal lines that are not 
parallel to the picture plane (represented by the rectangular 
outiine) vanish at VR The lines representing the fence that 
iTins parallel to the picture plane do not converge and are 
therefore drawn as parallel horizontal lines. 

The ground line, which represents the intersection of the 
ground plane (surface of the ground) and the picture plane 
(rectangular outline), is another important line used in 
perspective drawing. .Although we know the lines in the 
picture are all drawn on the same two-dimensional surface, 
only the points of these lines that touch the ground line appear 
to be in this plane. For example, only the parts of the two rails 
that touch the outline of the picture appear to be in the picture 
plane. The remainder of all of the lines appear to recede 
behind this surface. This is what gives the two-dimensional 
drawing the appearance of having three dimensions. Thus 
the parti of the picture that touch the picture p;„ne are the 
OTly parts shown true-size. All otherparts appear smaller and 
smaller as we look back to the horizon. Since the ground line 
is m the picture plane, we can use it as a measuring line for 
establishing the relationship between parts of the picture For 
example, if we know that the two rails of the railroad track 
are 4 feet 8'/4 inches apart, we can use the distance between 
the rails at the ground line as a unit of measurement to 
establish the lines of the fences on each side of the tracks Of 
OTurse, we will have to extend the ground line on each side so 
that we can measuie the actual distance between the tracks 
and the fences. If we estimate that the fences are 30 feet from 
the tracks, then the measurement along the ground line from 
Uie tracks to the fence will be approximately six times the 
distance between the two rails. 

Now let's study some of the principles of perspective 
drawrng. As shown in figure 4-100, A, when a person looks at 
an object, light rays reflected by the object are focused by the 
lens of the eye so that they pass through a focal point and 
strike the spherical rear surface of the eye, forming an 
inverted image. This is a perspective image, since it has only 
two dimensions; yet it appears to have three. The closest we 
can come to duplicating this process by pictorial means is by 
drawing the object in perspective. 

The simplest method of making a perspective drawing that 
looks like the object is to make a tracing on a piece of glass 
That is, you place a pane of glass between you and the object 
and use a suitable marking tool such as a grease pencil to trace 
all vrsrble edges of the object. But this method works only if 
you have some means of holding the glass, and you don't 
move your head whUe making the drawing. However, even 
though this method is rather impractical, it does illustrate 
sane of tiie principles of perspective. 

Note the simUarity between the illustrations in figure 
4-100,A, and figure 4-100,B. In boUi, light rays that 
converge at a single point determine Uie prominent points of 
the perspective image. If we moved the pane of glass to the 
other side of the station points, which represents the eye of 
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the observer and the point through which the rays arc not 
passing, and blocked out all other light rays, an inverted 
image would be produced just as the one in figure 4-100, A, 
so you can sec the same principles are used in both 
illustrations. Now, let us go over the illustration in figure 
4-100,B, to learn other terms and their definitions. 

One of the most important terms of peispecti ve drawing is 
station point. It is the point through which all converging 
light rays (called visual rays in perspective drawing) pass. 
Actually, the station point represents the position of the 
observer's eyes in relation to the object. The position of the 
station point greatly influences the perspective; if it changes, 
so does the perspective change accordingly. 

In figure 4-l00,B, the station point is located directly in 
front of the object. If the observer moves some distance to his 
or her left, his or her line of sight is at an angle to the object 
plane (one of the object's surfaces), and naturally, the object 
appears different. The observer is able to see the left side of 
the object as well as its front surface. Moving to the right, 
upward or downward, has a similar effect. Moving nearer or 
farther away makes the object appear larger or smaller. Since 
the position of the station point is so important, it is one of the 
first things to establish when you make a perspective 
drawing. You will see how this is done after we discuss other 
important terms shown in figure 4-1003, and 4- 100,C. 

The picture plane is another important element in 
perspective drawing. As we said before, the picture plane can 
be real or imaginary. In figure 4- 100,B, it is the surface of the 
pane of glass on which the perspective is drawn. Since we 
seldom draw a perspective this way, we sometimes imagine 
the picture plane in this position, but use the drawing pacer as 
the picture plane. We always consider the surfece of the 
picture plane to be perpendicular to the observer's line of 
sight and to the horizontal ground plane. 

In the language of perspective, the observer's line of sight 
(centeriine of vision) is known as the axis of vision. Since the 
axis of vision and the ground plane are both perpendicular to 
the picture plane, the axis of vision is parallel with the ground 
plane. The axis of vision is represented in figure 4-100,B, by 
a horizontal line drawn from the station point to the object 
and, as you can see, it is drawn parallel to the ground plane 
and perpendicular to the picture plane. The point at which 
this line intersects the picture plane is called the center of 
vision, ^ 

Now look at figure 4-100,C. This figure shows the four 
planes involved in perspective drawing. TWo of these arc 
vertical planes and two are horizontal planes. We have 
already discussed the picturc plane and the object plane in 
figurc 4-100,B. Let us add some information about the object 
plane before we discuss the two horizontal planes. 

The object plane represents any vertical surface of the 
ob^nt. In the case of the Ulustration shown, it represents a 
^yan on which a cross is attached. An object plane can be 
perpendicular or oblique to the axis of vision, depending on 
Its position in relation to the station point. 

Since the ground plane and horizon plane are both 
horizontal planes, they arc always parallel to each other. The 
ground plane represents the surface of the earth, while the 
horizon plane represents an invisible plane passing through 
the station point and the earth's horizon. The important fact 
about these planes is their intersection with the picture plane 
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The intersection of the ground plane and the picture plane 
forms the ground line, which we have already discussed. The 
intersccdon of the horizon plane and the picture plane forms a 
line called the horizon. 

If we were to place ourdrawing paper in the same position 
as we placed the pane of glass in figure 4-100,B, and 4-lOO,C, 
we could not sec the object; we must therefore use some other 
method of drawing an object in perspective. The principles 
of various methods of drawing perspective are illustrated in 
figure 4-100,D,E, and F. 

Tb draw a three-dimensional object on a two-dimensional 
surface, you must know the shape and dimensions of the 
object. The best ways of using this information is to make 
two-dimensional drawings of the plane and elevation views 
of the object. D, E, and F of figure 4-100 show the 
principles involved in using these views to locate the 
prominent points on the picture plane. After establishing 
these points on the picture plane, you can draw the 
perspective. 

We establish the prominent points on the picture plane by 
drawing visual rays between the station point and all 
prominent points on the object and finding where these visual 
rays pierce the picture plane. Notice how cleariy D and E of 
figure 4- 100 show the points at which the visual rays intersect 
the picture plane. The reason for this is that our line of sight is 
perpendicular to the edge of the picture plane in both top and 
side views. For this reason, we can also take direct 
measurements between the points of intersection, which we 
call the piercing points, to establish the width and height of 
our perspective as well as all other prominent points. 
(Piercing points, to say it another way, are the points where 
line of vision intersects with the picture plane.) 

A much easier method of establishing the proininent 
points of the perspective on the picture plane is to position the 
top and side views as they are shown in figure 4-100,F. The 
top view is placed above the drawing paper so that the picture 
plane, P-P, is parallel with the top edge of the paper. The side 
view is placed to the i -de of the paper so that its picture plane, 
P-P, is parallel wslh the vertical edge of the paper. After 
drawing visual rays to the station point in each view, you 
draw vertical projection lines from the piercing points in the 
top view and horizontal projection lines from the piercing 
points in the side view. The mtersections of the projection 
lines from the corresponding piercing points in both views 
establish the prominent points of the perspective on the 
drawing paper. To draw the perspective, you draw lines 
between the appropriate points. 

Before we leave figure 4-100, let us use it to show how 
important the position of the picture plane really is. Actually, 
there are two aspects of its position to consider. The distance 
between the picture plane and the object affects the 
perspective. The perspective is also affected by the angle 
between the picture plane and the object. In our examples , we 



used the simplest angular position. In fact, to simplify our 
explanations, we eliminated any angular position altogether 
by placing the picture plane parallel to the object plane. 

The distance between the picture plane and the object 
affects the size of the perspective. Use figure 4-100,D and E, 
to visualize what would happen if we were to move the 
picture plane further from the object (closer to station point). 
You can see that this would reduce the perspective even 
more. As we move the picture plane closer to the object, the 
perspective becomes larger since the picture plane intersects 
the visual rays at points nearer the object. If we wanted ths 
perspective of the front surface of the object to be true size, 
we would place the picture plane right on the object plane. If 
the object was small and we wanted our perspective drawing 
to be an enlargement, we would place the picture plane 
beyond the object. You can visualize the arrangement if you 
imagine that the object and picture planes in figure 4-100,B, 
are reversed in position. 

Positioning the picture plane at an angle with the object 
complicates the perspective drawing. Since we must keep the 
axis of vision perpendicular to the picture plane, we must also 
change the position of the station point. When we do this, we 
see one side and possibly the top or the bottom surfaces of the 
object as well as the front surface. This will make it necessary 
to use a different type of perspective drawing. 

Since the position of the station point has a great effect on 
perspective, let us find out where the station point should be 
placed. Of course, its position depends on the effect you 
desire. If you place the station point close to the object, the 
comers of the perspective will be sharp, and your perspective 
will appear distorted. Actually, the farther you place the 
station point from the object, the more lifelike your 
perspective will appear. However, it is impractical to place 
the station point so far from the object that it is not on your 
drawing paper or table. 

In figure 4-100,E, the station point is placed so that the 
largest angle between any two visual rays is equal to 30*". 
This is a good rule to use in placing the station point, since it 
gives an interesting perspective without too much distortion. 
A simple, practical w^ to establish the station point using 
this 30** rule is to first draw the line representing the axis of 
vision (which you know is perpendicular to the picture plane 
and is level with the horizon). Then, using the view with the 
widest span, slide the 30° comer of a 30° to 60° triangle 
along this line until the edges of the triangle just touch the 
outermost points of the top or side view. The tip of the 
triangle establishes the position of the station point. Since the 
side view of the object had the widest span, we used it to 
establidi the position of the station point, SP, in figure 
4-100,E. Then, we placed the SP in figure 4-100,D, at the 
same distance from the picture plane. If you have a triangle 
handy, try tiiis method on the station point shown in figure 
4-100,E, and see how it works. 



Figure 4-101. Perspective nomenclature (objective 057, exercise I). 



Exercises (056): 

Using figure 4-101, which shows various unnamed 
elements of perspective, write in the appropriate tenr 
for each (from the following list). 

a. Horizon. 

b. Vanishing point (VP). 

c. Ground line (GL). 

d. Picture plane (PP). 

e. Station point (SP). 

f. Visual rays (projectore). 

g. Centerline of vision (CV). 

h. Object plane. 

i. Horizon plane. 

j. Measuring line (ML). 

2. Define each of the above terms. 



3. Why does the station point critically affect perepective? 



4. How does the distance between the object and the picture 
plane affect perspective? 



«57. Name and briefly define the three types of 
perspective, and label each of the respective types in a 
given figure. 



Types of Perspective. Perspective drawings are 
one-view drawings in that one view shove's a three- 
dimensional object in a definite proportional relationship. 
While perspective drawings do not show an object in its true 
shape and dimension, they do show how the object looks 
ftom that point of view. 

PianaUl perspective. Ptollel (one-point) perepective 
occurs when two dimensions arc parallel to an imaginary 
plane of reference called the picture plane. 

Figure 4-102 is a one-point perspective projection of a 
cube from a top and side view in orthographic projection. 
The technical terms used in discussing perspective projection 
arc appropriately displayed in the figure. 
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Figure 4-102. One*point perspective drawing. 



ERIC 




Figure 4-103. Position of station point. 

Notice that the picture plane becomes a line in the top and 
side orthographic views. Projectors from the comers of the 
top view are drawn converging toward the station point; but, 
ftom the points where the projectors, or visual rays, pierce 
the picture plane, parallel projectors are drawn down to the 
perspective view. 

The station point for the side view is actually the same 
station point as that shown for the top view. It is, therefore, 
the same horizDntal distance from the cube, but its elevation 
shows the height of the station point above the level of the 
cube. The picture plane in the side view is also the same 
distance from the cube as in the top view, and the ground line 
in this view, on which the picture plane rests, defines the 
ground line of the picture plane in the perspective drawing. 

In the side view, projectors are drawn converging to the 
station point, and at their piercing points on the picture plane, 
parallel horizontal projectors are drawn to the perspective 
drawing. The intersection point of a projector from a comer 
of the cube in the top view with the projector from the same 
comer in the side view locates the comer in the perspective 
drawing. 



Notice that the center of vision in this drawing is located 
directly above the station point in the perspective drawing 
and on the same line with the station point for the side view of 
the cube. 

The center of vision defines the point at which all lines 
perpendicular to the picture plane in the perspective drawing 
converge. It is also called parallel perspective because the 
front fece of the object is parallel to the picture plane. 

In parallel perspective drawings, the center of vision is not 
necessarily centered on the object. It may fell to one side or 
the other as shown in figure 4-103. However, when the front 
fece is parallel to the picture plane and the center of vision is 
at one side of the drawing, there will necessarily be some 
distortion. Actually, the drawing becomes an oblique 
projection ahd not a true perspective drawing. Notice that, in 
order to make such a drawing, the object must be considerwi 
as resting with its front fece against the picture plane. If this 
were not so, converging projection lines from the comers of 
the front fece would alter its appearance so that it would no 
longer appear to be parallel with the picture plane. In feet, as 
you will see, it would then become a two-point, rather *han a 
one-point, perspective drawing. 

Tko-point perspective. The second type of perspective— 
two-point— is the most conunonly used for making 
perspective drawings. In two-point (angular) perspective, 
the object is considered as sitting at an angle to the picture 
plane. In the perspective drawing of such an object, there are 
two sets of horizontal edges converging toward two different 
vanishing points on the eye level or horizon line. The parallel 
lines thai slope to the right will vanish at a point in the 
distance called the right vanishing point (VPR), and those 
that slope to the left at a point called the left vanishing point 
(VPL) (see fig. 4-104). 

In the figure, the top orthographic view of the block was 
drawn first. The position of the picture plane was then 
determined. 

When the comer of the object rests against the picture 




lERiC 



Rgure4-104. TWo-point (angular) perspective. 
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Figure 4-105. Locating vanishing point. 



plane, the vertical line representing the comer in the 
perspective drawing will be full size (just as in one-point 
perspective, where the front face is fiill size if it rests against 
the picture plane). In any perspective drawing, the 
comparative sizes will be n^uced proportionately as the 
distance is increased between the picture plane and the 
object. 

Once the picture plane was established, the station point 
for the top view in figure 4-104 was located approximately 
opposite the center of the block. The distance from the station 



point to the object should not be less than twice the width of 
the object. 

When this rule is neglected, a distorted appearance may 
result in the perspective drawing. There is a cone of about 
SO"* in which the human eye sees clearly. For this reason, the 
angle formed by the lines of sigjit from the sides of the object 
to the station point should not exceed 30"*. In no case, even 
when the perspective drawing depicts a panoramic scene, 
should it exceed 45"*. 

Next, the picture plane for the side view was established. 
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Fjgurc4-106. TWo-point (without elevation of object). 
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Iifiiie4-107. ObieaoBcyeIevd(A),ob|ectabGweeyekvd(^^^ 



11» the side view im dRWB. (Boiols 
the lop view if aecesstiy.) RcDiember th^ 
]athesidenew(devitioR)isdiesaixiep»^^ 
ttetopvie«asd>dBis» itbtbesameborizoitfd 
theobfCCL 

The slitk» {Mat for ^ side view was k)cal^ 
stitioii point is die same {xnnt seen in die tot view and, 
dimfoie, il is the sanie borisMlal distance fi^ 



However, its angle to the object can vaiy. This variation of 
the station pcxnl in the side view determines die height of the 
kvd or horizon line. Ndle diat die station poim for the 
side view idways fidls on die horizon Ime. 

This horizon liiK^ is a very hnponuA ooc. If it is hi^, 
olgects in die per^)ective view will appear as if diey were 
viewed from a hd^ If it is low, objects will appear as if 
they weie viewed from directly in front or below. Generally, 
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Hgine4-I08. Ifa ' sy e ai ve distortion. 



it is best to select a station point approximaiing that fitMn 
wIuA a teal observer migfat view the object. 

This nwliod is usualfy used wben aixiitectural drawi^ 
arc made in ttKyfoiat perspective. Howevei; tw-point 
Pfispertive may be drawn (as in fig. 4-104) fiom a plan 
of tbe object atone, withom the elevation. When this is 
done, the vanishing points are first piDjcclBd on the picdne 
ptaneandthenlocaledonthehorizDnline. Inordertodotiiis, 
•hoe prndld to one set of hofi2Dntal lines in the top view is 
jtaiTO from tbe station poi« to the line of the pi^ 

projected to tbehorizonlinetolocatcancw point, eiftcrVPL 
orVPR(seefig.4-105). ^ "icrYri. 

When diis method is carefully used, it will iModuce as 
much accuracy as the medwdilhistialed in figure 4-104 For 
sample, in figure4-106, the horizon line has beenplaced at 
thcsame level as the horiam line in figure 4-104, and the 
cube IS die same size so diat die two mediods can be 

oompiced^ %irc 4-104. die \Mishing points w^ 
«fter the diwraig was completed, and it w^ 
thatdteybefoandataU.Infigure4-107,tiievani^pofaite 
were found at Ae start, because diqr control die diawiqg. . 
fa figue 4-107 lines are drawn coamgiag tanud die 

station point finm the comets of die blodc m die top view 
Rtm tlte poinix where diese lines pierce the pictiSpIa^ 
yerb^are dropped to give die iqiparent widdi of di: block 
, m die pet^ective view. Since an devttion is not used die 
wiow bdgfats cannot be focnd directly. However; die 

bottom of tite block (B) may be located, as shown in figure 
4-J07^ditwinglinestodtevanishh»gpoinisfiOT 
sdcdod AS tbc netr comer* 

Now if die perspectivB height of any one verticil 
bedetennincd, die hei^oftfieodier verticals can be found 
automatically . This is easy to do when one edge of die object 



rests against die picture plane. This edge will dien appear in 
ite true height in die perqiective view. If you have die 
dimension for diis hei^ in die ordiograjAic piojccdtm (A), 
yoo can transfer that dimension direcdy to die perqiective 
view (B). Lines drawn to die vanishing points from diis top 
comer wiU locate die top of die two sides (3-1 , 4-2 B). Lines 
drawn to die vanishiiig points fiom die fir comers on diese 
Sides will conqriete die drawing of die Mock. 

Stindiscusdngfigure4-107, B, whendieftootedgeofdie 
subject does not rest agamst die picture lAme, it is necessary 
to use some odicr dimension. Because die end of die Wock is 
square, it is possible to find die perspective lengdi of a 

honzontal line and use diis dimension for die edge of 1-5 

pis is done by drawing a line parallel to die picture plane 

fiom pomt 1, measuringalengdiofdiis line equalto 1-3, and 

drawing a line converging OT die station point to die picture 
{Mane from die end of diis line. 

TTiis lengdi can dien be transferrcdtotiie front edge of die 
^r^waive view (B) and die view conqileted as shown in 

figure 4-106. Tbdieckdie accuracy of diis mcdiod,con«)are 
figure 4-106 widi figure 4-105. Yon win find diat, shiceAe 
»«ioa point, horizon level, and bottom of die cube 
conespond, dte two perspective views are similar. It is 
possiUe to make them coneqxxid exacdy. 

In figure 4-106, die bottom of die finnt edge of die blodc 
(B) has been i^aoed arbitrarily at a certain point Actually it 
could hawe been placed on dte vertical projection from die 
^ataiiy desired point This, die pecqwctive view may be 
drawn bdow die eye levd. Of; as shown in figure 4-107 it 
may be drawn at q/e level (top) or above It (bottom). 

However; if die object is traced too h^ above dte eye 

level or too low bdow it, the effect WiU beone of di^ottioo. 
A Mock drawn in dtese positions will cease to lo(4c tidit as 
nown m figure 4-108. When dte station |xrint is too dote to 
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Fjgurc4-109. Cross. 



the object, there will be a similar distortion. The angle 
indicated in the figure should never be less than 90** and 
preferably not more than 100** . 

To overcome distortion such as that illustrated in figure 
4-108, the station point may be moved further from the 
object, or the picture plane may be tilted so that a third 
vanishing point is needed for the third set of parallel lines in 
the drawing. 

Three-point perspective. Oblique, or three-point, 
perspective occurs when none of the object's surfaces are 
pai^lel to the picmre plane. Three-point perspective is 
usually needed when the station is close to the object and the 
picture plane is at an angle to the horizon line as shown in 
figure 4- 109. Looking up at a tall building, large trees, or the 
cross pictured here can produce such a situation. The horizon 
in this case is usually very low, or entirely below the object 
being viewed (fig. 4-109, A). If you were looking down from 
above (fig. 4-109,B), the horizon may or may not appear in 
the view at all. 

A general rule to follow in a case like this is: small objects 
look better if the three vanishing points arc well separated. 
The perspective angle should not be acute. To emphasize the 
bigness of an object, sharp diagonal lines arc important. Here 
the closeness of the vanishing points strengthens the bigness 

effect. , ^ 

Be sure that the horizontal lines end at the eye level line, 
because one cannot be higher or lower than the other. 
Reg^dless of their distance apart, they must be established 
on the sameeye level. In any perspective drawing, itisagood 
idea to use the sketching method and lightly sketch the object 
before finding the horizon line and vanishing points. 

Exercises (057): 

1. Name and describe each of the three types of 
perspective. ' 
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Figure 4-1 10. One*, iwt)-. ana ihrcc^point perspective 
(objective 058. exercise 2). 



2. Using figure 4-1 10, specify which types of perspective 
A,B,andCare? 



058. Using two-point perspective and receding plane 
given in an exerdse figure, divide a rectangular area 
into uniform patterns; then state the two steps necessary 
before measuring. 



In drawing any form, the proportions should be correct. 
This is especially true when drawing form in perspective. At 
the beginning of this chapter, we introduced into our 
discussion the cube— the basis for all good drawing. In order 
to solve many practical problems in art, you must become 
acquainted with methods of measurement as they apply to 
this geometric solid. Here arc a few of those methods. 

Measurement. Before making measurements of any 
kind, establish the needed vanishing points and station point. 
Next, correctly sketch in the overall shape of the object. If 
you do not, you may wind up making endless corrections, 
and the drawing will never be quite right artistically. To 
divide a rectangle or a square, draw a diagonal line from 
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Bgure4-113. Vertical division. 



corner to corner as shown in figure 4- 1 1 1 , A . The point where 
the diagonals cross is the center of the rectangle or square. 
This simple rule is invaluable— it enables you to solve 
problems diat are seemingly unsolvable . 

At other times it is necessary to divide an area, or a 
diagonal, into a number of parts. Here a ruler alone indll not 
suffice. As with mosi division of space^ the vertical (fig. 
4-41 1,C) or horijsontal line (not shown) parallel to the picture 
plane is d» key* Aspect B of figure 4411 shows die 
subdiviskm of a cube» portions removed. For example, to 
divide a receding jdane into any number of units, divide die 
left vertical hei^t into die desired number of parts with a 
niler as shown in figure 441 1 ,C Draw lines firom the points 
of division on the vertical line out to the vanishing point. 
Then draw a line from comer lo comer as shown, and die 
intersections of the diagonal and die horizontal lines drawn to 
die vanishing point are the correct points to add the other 
vertical lines. 

Rgure 4*112 shows the correct method of dividing a 
rectangular area into uniform rectangular patterns, such as 
floor tiles. The widdi of the squares are fim measured on a 



horizontal line (A). IWo vanishing points are established and 
lines are drawn ftom the divided horiTontal line to the left 
vanishing point, tbcn the depth is established by drawing 
lines to the right vanishing point. A diagonal line is drawn 
firom comer to comer, points 1 and 2. Where the diagonal 
intersects die lines drawn to the left vanishing point are die 
correct points for the receding lines to be drawn to the right 
vanishing point. Notice that die lower drawing is a one-point 
perspective. 

Rgure 4-113 shows the method for drawing vertical 
divisions of posts, telefrfione poles, or any object with evenly 
spaced units. Hrst draw two posts any distance q>art. Locate 
the vanishing point by drawing lines (A) and (B) fiom die two 
original posts. At no time should any posts extend above or 
below the receding lines. Locate the center of the first post, 
then draw aline through die center point of the first post to the 
vanishing point on the horizon . From the top of die first post, 
draw a line dirou^ the center of the second post, the third 
post will be located where the diagonal line touches line (B) . 
Rq)eat this procedure as many times as you desire, doing one 
atatime. 
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Figure 4-1 14. Exercise rectangle (objective 059, exercise 1). 






Figure 4- 116. Plan and elevation views. 



059. Given the requirements, draw two circles in 
perspective— one in freehand, the other hi instrument 
layout. 



The Cube and Circle. The cube is in many ways the most 
important single shape you will study in your art career. Both 
simple and complex structural development can be illustrated 
by this one geometric form. Its importance will become 
increasingly evident as you work with three-dimensional 
forms and measurement, especially when you draw objects 
in perspective. As the preceding text segment pointed out, in 
order to solve many practical problems in perspective, you 
will use the cube or some pOition of it as a medium of 
measurement. This may be a tedious business because you 
may make several sketches before you get an acceptable 
drawing. But it is time and effort well spent. Some artists who 
make cubes too wide or too narrow have never really learned 
what a square— hence a cube— looks like in perspective. 

Although the cube is perhaps the most important shape, 
the circle is the guide for drawing all two-dimensional 
curves, ellipses and ovals in perspective. Even so, its basis is 
the square, or one surface of the cube. The square is used 
because there are no direct measurements on a curve in 
perspective. Vanishing points are determined from the 

ERiC 



square, and proportions of the curve can easily be seen within 
the square. Figure 4-1 15 shows the proper l^out of a circle 
in perspective. The fir^t step in the instrument layout is to 
draw a circle with the desired dimensions. Second, draw the 
square around the circle and add the diagonal and centerlines 
as shown in step 2. This will give you eight checkpoints for 
drawing the circle in perspective. Next, draw the perspective 
lines back to the desired vanishing point to establish the 
square in perspective. 

The back line of the new square is determined by the 
method presented in figure 4-1 IS. Now diagonal lines are 
drawn ftom comer to comer in the perspective square. 
Within the original square, short vertical lines are drawn 
downward to the picture plane from the points where the 
circle line and the diagonal lines intersect. From these two 
points, draw lines back to the vanishing point. The points at 
which these lines cross the diagonal lines in the perspective 
square are the points through which the curve is drawn. 

The center of the circle shifts from the center of the square 
when the circle is in perspective. The intersection of the 
diagonals is the perspective center; the intersections of the 
horizontal centerline with the lines drawn back to the 
vanishing point does not indicate the widest part of the circle 
in perspective. 

When drawing circles in perspective, it is often best to 
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rough them in freehand and get the general shape desired. 
When the square is proportionally correct, cross the center 
with two diagonal lines and cross these with a vertical line 
through the intersection of the diagonal lines. Draw a 
horizontal line through the center to determine the 
perspective center. Use the vanishing point to have the 
direction of the receding lines correct. 

Exercises (059): 

1. Usirg your own paper: 

a. Draw a circle (in one-point perspective) using the 
freehand method. 

b . Construct a circle (in one-point perspective) using the 
T-square and triangle (instrument method). 



060. Name the three rn^or things to remember in 
Perspective drawing. 



Compound Form. Most objects consist of compound 
forms that can be reduced to a basic form— as you've just 
seen. You can solve most of your perspective problems if you 
understand the cube and its relationship to perepective. The 
three niost important things to remember are: the horizon, 
the station point, and the vanishing points. These arc the only 
elements that affect the appearance of your drawings. If these 
elements are poorly selected but definitely established, your 
drawing is correct although it may be unattractive. 

Remember, keep the vanishing points as far apart as 
possible; this gives the final picture a more pleasant 
appearance. Also keep all vertical lines truely vertical, 
except for special effects. If special effects are necessary, a 
third vanishing point may be needed. 

Drawing a cube or a rectangle in perspective is a simple 
operation if you understand measurement. A rectangle in 
perspective can be thought of as two cubes placed end to end. 
If you can draw a cube and measure it, you can divide it into 
halves, thirds, or any number of divisions found in 
compound form. Compound forms need not be complex if 
they are thought of as cube-upon-cube in perepective. 



061. List the first two steps in drawing a plan and 
elevation view, and specify why a given line is most 
important. 



Maldng a Plan and Elevation View. Plan and elevation 
views can become very complex; compound forms are to be 
expected. When making such a plan and elevation view in 
perepective, the firet step is to dmw a line to represent the 
picture plane. The plan view is arranged behind the picture 
plane with the nearest comer of the building just touching the 
picture plane (A) as shown in figure 4-1 16. Next, select the 
station point. Make the station point approximately the center 
of the plan view at a 30** overall aiigle. 

Draw lines from the station point to the comere of the 
important parts of the building that you want to locate in your 
perepective drawing. Where the lines intersect the picture 
plane, draw vertical lines to establish accurately the width of 
the different parts of the structure. The most important of 
these lines is the line that is actually touching the picture plane 
(line A) . It is the only line that is not foreshortened; therefore, 
it is the only line that can be used for vertical measurement 
from the elevation view. 

New you must decide on the location of the horizon line. 
After you have located the horizon line, draw lines (3) and 
(C) parallel to lines (D) and (E) in the plan view. From the 
points at which lines (B) and (C) intersect the picture plane, 
drop vertical lines to the horizon line to establish the right and 
left vanishing points. 

The next step is to carry across vertical measurement from 
the elevation view to line (A) and draw construction lines 
from the points on line (A) to the vanishing points using the 
same procedure already discussed. The vertical lines 
dropped ftom the picture plane will automatically establish 
the width of doore, windows, walls, etc., in the perepective 
drawing. Remember, you can make direct vertical 
measurement only on line (A); it is the only true length line in 
the whole drawing. 

Exercises (061): 

1. What are the first two steps in drawing a plan and 
elevation view in perepective? 



Exercises (OiiO): 

1 . What are the three most important things to remember in 
perspective drawing? 



2. Why is line (A), figure 4-1 16, the most important line? 
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Answers for Exercises 



CHAPTERl 



Reference: 
001-1. t 



001-2. 



Hive t place for each piece of cquipiiKm and keep it there 
when noC in use. 

b. Keep all immiments clei. 

c. ^fevercxpo•epwnted equipment to the po«ibiUty of 
dama^. 

d. Never use any insinmicnt for any puipoie except for whidi 
it was designed. 

e. Electrical equipment shottkl be ui^uggedwheo not in uae. 
A systcoacic anaa gtme m of tools is timesaving and efficient 
and decreases the possibility of acddcataUy dropping or 
pushing something off die table. 

002- 1. So that if you desire to woik in a standing position, you can do 

&o without stooping or raising your amu. 
002-2. Rom die left fioct. 

002-3. Tc€ tradog prints, opaqutng negatives, and making color 
sqMrations. 

OW-4. Forjobe that may damage die surface ofa drawing table. 
002-5. It serves as a storage space for fiequenUy used tools and 
materials. 



003- 1. 



003-2. 



003-3. 
003-4. 



004- 1. 
004-2. 
004-3. 

004-4. 



005- 
005- 



005-3. 



006 
006 

006 

006 



-1. 
-2. 

-3. 

-4. 



CHAPTER2 

Air drawing paper dimensions arc based iqxm die 8i^^ 
11 uze.lhis dimension Is used so duu die larger sbeeu can be 
folded to fit into standard filing cabinets. 
Gwd tracing ptpet must be transhicent It must also hcve 
sulfiaent grain to take pencU or Ink, and a haid surface so die 
pencil will noc groove It or die ink will not bleed. 
The weight of paper is ("elennlned by die pound weight of a 
ream (500 sbeets)ofpi^diat measures 17*x2r. 
The main difioence between hoc^msed board and coW- 
pressed board is die surface finish. Hot-pressed board has a 
hard, slick surfeoe; cokJ-pressed board has a textured surface. 

Hard, medium, and soft. 
Conical, wedge, and e%dcal. 

Drawing mk U finely ground caiboo suspended in liouid witfi 
gum arable added. 
Black, daricbhie, and ltd. 

To draw honzootal Ibies. 

Supposed at both ends, it mamfains parallel motkm 
««omatically, and it may be moved up or down die board widi 
prewnt at any point akmg its kngdi. 
T-square, trlan^, scale, and protractor. 

A 30)* and 60* Mid a 45* and 45*. 

To draw vertical or Inclined tinea In coojuacdon widi die T- 
square. 

Iir^nlar curvet are used to draw smootfi tines tfnouth a 
mmber of predelmakied points. 

The fa ^nlar owe should match at least dm consecutive 
points. 



007-1. 

cc;-2. 




^ 2?^Jf ^ ^ iettini off and measwlag sngles 
dieapexof ttienii^. |leMWd»aKjfbn»tt!byi»twoies^ 



008-1. 
008 - 2. 



b. 



008-3. 



Mechanical engineering, civil engineering, and architect's 
scales. 

a. A mechaucal engineer's scale is used to draw machine 

parts and small structures where die siic is never lew dun 
1/8 the original. 

A dvU engineer's scale is used mainly for pk)tting and 
drawmg maps and any work where die divisions are in 
tendu of inches. 

c. An architect's scale is used on any dimension where feet 

and inches are required. 
"Open divided" means diat die units i^Mesenting feet are 
shown akmg the entire leogdi cf die scale, widi only die end 
umts subdivided into fractkms n^Kesentrjg Inches. 

009- 1. ItwlUnotd«trtqfdiesurfiK«ofdiep^^ 

009 - 2. It can hoU any shape, has few erasure crumbs, picks up 
gr^te dust, and tends to clean itself when kneaded. 

009 - 3. The electric eraser is difficult lo use widiout damatina die 

surface of die paper. 

010- 1, Because you might bend die nibs and ruin die pen. 

010 - 2. Detail. 

010-3. Sharp points, unequal lengA of nibs, and flatieiitt^ 

010-4. It forces die nibs tcgedier and causes die diickness of die tine to 
vary. 



011-1. 
Oil -2. 



011-3. 
Oil -4. 



Compass and dividers. 

A proportiooal divider is a type of divider diat has a movable 

inw poim widi needle points on each end. Tlie movable pivot 

alto ws die short end to be adjusted to a nrtio of die ^ 

Three instruments— bow pen, pencil, and divider. 

To prevent die needle from cieatii^ an unslgbdy hole in die 

pq»er. 



012-1. One source of red saWe brisdes is die Kotinsky or red Tait« 
miuten. 

012-2. in>cciwicler of die brush depends 00 where die ferrule gri^ 
die bristles. 

012-3. Thc five typesofhiushesare:rounds,brights, flats, filberts, 
and lettering brushes. 

012- 4. BrushesshouWbestoredinanopenjarwididieirhandlesdown 

and die brisdes expoied to die air. 

CHAPTER3 

013- 1. Text, Godiic, and Roman. 

013-2. l^rindng imposed changes in die mechankaOly perfected 
I< began a tread toward simplicity and ease of coostrucdon 
013-3. Compressed; condensed. 

013- 4. Extended. 

014- 1. Ascender, descender, serif, stem, bowl, swell, and hairiine 
014-2. Romanlettert. 

014- 3. A swell. 

015- 1. Thesiemaodaval. 

015*2. Tte stem Is diat straight vertical slant tine durt forms move than 

four-fifths of all letters. 
015-3. Ilie six bask strokes of lettering are horizontal, vtvtical, 

oAlpnal left, diagonal right, countctckxtwise curve, and 

clockwise curve. 
015-4. 67Vi*. 

015-5. IftheletierAdoesnotexiendsUghdyabovediec»tine,itwiti 
appear smaOar dutt die rest or d» letteii . 
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016 - I . Proportion stability and uniformity. 

016 - 2. Umformity. 

016- 3. By usiag guidelines. 

016 - 4. It varies the heights of the letters. 

017 - 1 . Because all letters arc not regular in shape. 

017- 2. There should be a full space between d and b because the stems 

of these letters are full height. The space between the o and b 
should be slightly narrower to compensate for the space above 
thco. 
017 - 3. Four. 

018- 1. Clean; firm; opaque. 

018- 2. To hold the pencil or pen correctly and comfortably. 

019- 1. Speedball pens, technical fountain pens, text writing pens, and 

felt tip markers. 

019-2. The size and shape of the nibs determine the size and style of 

letters you can make with any given pen. 
019-3. A light touch is necessary to keep paper fibers from building up 

on the pen point. 

019-4. Text writing pens are made of much thinner steel and produces 
a sharper stroke. 

019 - 5. The three main parts of a technical fountain pen are the point 

assembly, the head assembly, and the ink reservoir. 
019-6. The main difference between the two types of felt tip marker is 
that the noodisposable felt tip has a flow valve that allows the 
ink to teach the paper. 

020 - 1 . Lettering brushes have longer and more flexible bristles than 

painting brtishes. The tips of lettering brushes are square. 
020 - 2. To hold more paint and to absorb the natural shakiness of your 
hand. 

020 - 3. Holding your bmsh with the label up gives you a point of 

reference and forces you to keep the bristles aligned the same 
way each time you use the brush. 

02 1 - 1 . A standard lettering set consists of a set of templates, a scnber, 

and a set of pens. 
021 - 2. Eleven. 

021 - 3. The tailpcn is the bade of the scriber that rides m the straight 

groove of the template. 

022 - 1 . a. Letters can be applied directly to fmished artwork. 

b. Can be applied *o any smooth surface. 
022 - 2. The letters can be applied directly to the finished artwork. 

022 - 3. The letter, or part of it, will be transferred back to the lettering 

sheet. 

023- 1. a (ratio is 1 to 3), b (turn adjust dial), d (pull lead strip to break 
inner bond), e (raise only slightly), f (indicated on the 
typemastcr), h (zero on dial). 

023 - 2. e (developing process will start automatically). 

024 - 1. The secretarial keyboard and display screen and the automatic 

developing processor. 
024 - 2. It is possible to edit your copy. You may be able to justify your 
copy depending upon the type of system your unit uses. 

024 - 3. Editing and justification is done prior to printing the film. 

025 - 1. The main purpose of a waxer is to make copy, photos, or 

pictures adhere to art surfaces. 
025 -2. The two types of waxers are the table model, which has an 

automatic feed naechanism, and the band*held model, which 

uses no feed naechanism. 
025 - 3. The main advantage of using a waxer is the ability to move and 

reposition your copy without damaging your work. 

025 - 4. If the wax gets too hot, it will bleed through your work. If the 

wax is too cold, the wax will not flow ptopcsiy and will place 
unnecessary wear on your nwchine . 

CHAPTER 4 

026-1. Chord. 

026 - 2. A point. 



026 - 3 . A princip'^i of plane geometry. 

027 - 1 . A straight line is produced by a point in motion in one direction 

for its entire length. 
027 - 2. A curved line is produced by a point in motion changing 
direction along its entire length. 

027 - 3. A plane is a flat surface generated by a strsught line moving in a 

direction other than its length, creating an area with length and 
breadth but no thickness. 

028 - 1 . Adjacent angles. 
028 -2. (1) c. 

(2) d. 

(3) f. 

(4) a. 

(5) g. 

(6) b. 




Figure A-1 . Objective 028, exercise 3. 

028 - 3. 




Figure A-2. Objective 029, exereise 1 . 

029- 1. 
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side c ■ 1 incli 





Rgure A-5. Objective 035, exercise I. 



Rgurc A-3. Objective 029, exercise 2. 



029-2. 



030 - I . Sec text figure 4-9. 

030 - 2. Jec text figure4«12. 

031 - I. Sectextfigure4-13. 
031-2. Sec text figure 4-14. 

032 - I. Sec text figure4-l5. 
032 - 2. Sec text figure 4- 1 6. 




Figure A-4. Objective 033, exercise 1 . 



033 - 1. 



034- 1. Sec text figure 4-1 8. 
034- 2. Sec text figure 4*19. 



035 " 1. 



035 - 2. Sec text figure 4-23. 

036 - 1 . See text figure 4-24. 

037 -1. See text figure 4-26. 

037 - 2. Sec text figure 4-27. 

038 -1. Sec text figure 4-30. 

038- 2. Sec text figure 4-29. 

038 -3. Sec text figure 4-28. 

039- 1. Sec text figure 4-31. 

039 - 2. Sec text figure 4-32. 

040- 1. Sec text figure 4-34. 
040-2. See text figure 4-35. 

040 - 3. See text figure 4-36. 
040-4. See text figure 4-37. 

040- 5. Sec text figure 4-38. 

040 - 6. Foci, trammel, and concentric circle methods. 

041- 1. Y'*" must know the different line types in order to completely 

and clearly describe an object. 

042- 1. a. Construction line. 

b. Short break line. 

c. Section line. 

d. Phantom line. 

e. Hidden line. 

f. Dimension line. 

042 - 2. The length is 1/8*, and they are 1/32" apart. 



043 
043 
043 

044 

044 

045- 
045- 

046- 
046- 
046- 
045' 



047 
047 

048- 
048- 
048- 
048- 




- I . Parallel projections and central projections. 

- 2. The side which shows best the contour or shape of the object. 

- 3. When the glass box is open. 

- 1 . Six; front, top, right side, back, bottom, left side. 044 - 2 

Three; front, top. right side. 

- 3 . Visible (or story) lines. 

- 1 . Half views should always be near a full view of a drawing. 

- 2. Any view may accompany the front view, if each is equally 

descriptive. 

" 1 • Rounded intersections of surfaces of inside corners are known 
as fillets. 

" 2 . Rounded intersections of surfaces occur at outside edges and are 
called rounds. 

-3. An oblique surface is a nonparallel surface to any principal 
plane of projection. 

■ 4. Rllets and rounds arc always shown to indicate comers of 

unfinished castings. 

" i • Vertical (or frontal plane), horizontal plane, and profile plane. 

■ 2. Third angle projection. 

1 . Isometric means equal measure. 

2. The object is rotated 45** on its vertical axes. 

3. 360^. 

4. Triroctric. 
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048- 5. Uomctric.dimctric.trimetric. 

049- 1. M receding Unet of the cabinet drawing tie half tltt 

of the cavalier. 

,049-2. IbeelUpte it dnwu by meant of pix)jectk>ns from the circle. 

049- 3. Line. 

050- 1. It it used to expose internal features of an object. 

050- 2. The anowt thow the diiectxm in which the cut surface is 

viewed through the cutting plane. 

051- 1. Glass box method and customaiyprojcctioo method. 

051- 2. To obtain a tiuesiK and shape view, you place a i»cture plane 

io that it is panOlel to the inclined face. 

052- 1. Mauxiliaty view is required when the true size and shape of a 

pofticii of an object are not shown in the regular top, front , or 
side view. 

052 - 2. Yes, tte miliary plane is imated untU it coincides with the 

Ihmt plane. 
052 - 3. Line; symmetry. 

053- 1. Adistanc©ooadrawingmaybegiveneitiierbyadimensiooor 

t^anote. 

053-2. Extenskm lines, dimeoMOO lines, and leader lines. 

a. Extension lines are thin, solid lines that start about 1/16 
fiom the object and extend about i/T beyond die last 
diffltttskn line. 

b. Dimetsioo lines are thin, solid lines, terminaied at each 
end by «iowbe«ls, and indicate die direction and extent of 

die dimeosioQ. 

c. A leader is a diin, straight line duttbegms at a dimension or 
note and terminales in an anowhead at die point of 
reference. 



053-3. An arrowhead is direc times as long as it is wide. 
053-4. A finish raaik iwlicalcs that a certain surface must b^ 
by machining, drilling, filing, or grinding. 



Size dimensioning involves die dimensions of height, widtii, 
and depth. 
Prism. 

A right cone is a conical-shaped object witti the tpex 
pcrpcndicultftothcbasc. A ftusnmi cone is a conical-shaped 
object widi a portion of tiie top removed. An oblique cone is a 
conical-shaped object widi die apex angle odier dian 90*. 
Locatkm dimensioning involves din«w::^ions that will position 
each form in relation to die odier. 
054 - 5. Dimensioning shinies diat are considered standard featt*res are 
circles and arcs, curves, angles, duunfets, tapers, holes, 
countersinks, countetborts, spc^faces, and rounded ends. 



054- 1. 

054-2. 
054 - 3. 



054-4. 



055-1 
055-2 



Qarity. 

Dimensions should be placed between views whenever 
possible, outside die views if dicre is no room between views, 
on die views if all else fiub. 
055 - 3. a. Con5)kle die shape de«a^>don. 

PUce die extension lines and extend die center Ime where 

necessety. Pba for die location of bodi size and location 
dunensions. Study die placement of each dimension and 
make atterations, if destraMe or necessary. 
Add die dhnension lines. 
Draw arrowheads and leaders for notes. 
Add dimension vahies. 
1. Letterootes. . . 

055 - 4. Roughness is ej^xesscd as die aridmictic avenge deviation 
from die mean line of die surto in profile. 



b. 



c. 
d. 
e. 
f. 




PigareA-6. Objective056, exercise I. 



056-1. 



056-2. 



ERIC 



Definitions: ^ ^ , 

a. Horizon is a visible or invisible line dial represents die 

actual horizon and eye level of the observer. 
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Vanishing point (VP) is die point on die horizon where all 
lines represeiding panUel horizontal edges converge. 
Ground line represents die intersection of dK ground plane 
anddiepicMeplttte. 

Picture pine repreaeots die rectsngular oudine (real or 
imaginary). 



056-3. 
056-4. 



057-1. 



ri5fi |j>; pqdtkw of obienret't cyw ill itlM^ 
VimalnytarecooyttiiQili^fiyt. 
Ceixer Q ioc) of vitkm (CV) (axis of vitkm) is the 

MeiMri«| 

iKpictnreplaae. 

S.frfiL^''*"^^ ibe penpective; if the 

h^U^"^ *e object, Ibe petH«tive 



f. 



J 



b. 



c. 



057-2. 



Onc-poirt (penUd) exitu when two dtmeosioui are 
pwilWtoaoimagiMiypl.^ 

tbeie aie two leii of bomootal etet 
f»m]|iiif towMd two diffi^ 
cotizoo. 

Ttoc-point (oUiqoe): Ocotn wfaen nooe of the olriect*s 
wftctt « pmUd 10 the pictnc plaoe. iWpobt 
Penjec^uywaflyiteeded when Ibe 1^ 
to fte o yctjiid tbe picture pine is at m aMle to ibe 

Vkw A ispaiaDel (oaeiwim) pet^iecti^ 
View B is angttlar (cwoiXMot) penpectire. 




A-7. Objective Q58» exercte J 



051- I. 



058-2. 



To ettabKih Ibe needed iiatioB pote Md vaalrtyig po^ 
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STEP 1 




ST5P2 



MAJOR AXIS 
- PERSPECTIVE CENTER 

STEP 3 



Rgurc A-8. Objccti\-c 059. exercise 1 . 



000 ^ 1. HKtaffon. the station point, and the vanishing point(s). 
061 -^1, «u is to draw a line to represent the picture plane. 



b. Step two is to select the station point (^)proxiraatcly the 
center of the plan view at a 3(f overall angle) . 
061 - 2. Line (A) actually touches the picture plane; thus, it U not 
foreshortened (to be discussed further in the next increment). In 
f act . line (A) is important because it can be used for measuring. 
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FoMont 1. MuIUview projection. 
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note: all fillets and 

ROUNDS 

/ 

/ 

GENERAL NOTE=c'' ' — DIMENSION 
® \ 



EXTENSION line' 



® 




^FINISH MARK^ 



ARR0WH5AD><' 
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Foldout 2. Order of dimensioning. 
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NRILTlPLECaiOICE 

NoutoSwdent: CootkleriDdioicescaitMyasd select tbeiieira^^ 

1. (001) Whtdtoftbefolknraif choices 

a* Use fecial scdvems for aUeqatpoiemcIeanii^ 

b. Never use toy instntxiieat for any paiposeocte 

c. Ke^ aU i iuumu eats desa. 

(L Nevv expose aoypoiottdequviiiBm to tbefK^^ 

2. (OQ2)Wl^aRoioatdrvviiif bosnbandtabkscleated 

a* Topreveotwodcfioiiisl^iINiiSofftbeboKcL 

b* To he^p pro te ct the diawim suffsce. 

c. ToprBveotwafpiaf andactaaastiai^woridiif baseforaT^ 

<L To give the boanlstabiliQfaDdpraiectkxi for the edges. 

3. (0(a)/liradctabledK)ii]dbecoveredwUiiriii^ 
a. WitiiaostaieiogheitasDioodiWQridiigsuiftce. 



D* Wan pMsngiaaf wprosBciiBe wooa, 
c* Wthiioihflig»itispei'fecHy fioeasia* 

d* With a sheet ofscnpilliisuaiknboanliopivveiu cutting duoQ^.^^ 

4. (003) DtiwiBg paper dnoklhsn^aUadfolki^^ 

a* a smooth suffice sfteretssaie* c* a hard surface, 

b. asUdcsoifiKe* d« .giani* 

5. (004) Whidigndef<rfpeiicU lead are classified as s<rft? 

a. 2BtDtiB. . c. 4Hto9H. 

b. Blo3IL d. HBI04B. 

6. (004) Which of the firilowuig grades of pescO is mosrsut^ 

a. 4H. c. HB. 

b. 6B. d. F. 

7. (004) Which ctdoriflks win bestrqiroducepboto^^ 

a. BtedCtg;:«jcsi«orvioiet. c. Blade, daric blue, orred. 

b. GieeOtU^bL3e,orvBd« d. Red«bIoe,oryeOow. 

8. (009) What is owadvaiMage that a pmlld straightedge have over a T*s^ 

a* Itissifpociedatbotfaeiids. c. It is easier to use. 

b. It is more exact. d. Hiere is no advantage. 

9. (005) WhidtoftfaefoitowiagilhistrBtiBg tools cm 

a* T-square, oofDpass,triaa^*aodscak. 

b. T««|ttare, triangle, scale, sod protractor. 

c. Coiqiass,triangk, scale, sod protractor, 
d* T-square, scale, p rotractor, mi cotnpass. 
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10. (006) When you uie an intgular curve to draw a smooch line thxou^ pitdeteimined points, the cuive should 
match the line at a minimum of how many consecutive points? 

«. Ttaec. c. Seven, 

b. Hve. d. ^nne. 

11. (007)11iefinictiooofaprocnictoristo 

a. draw parallel lines. . ^ draw angles. 

b. measure Ime length. d. measure angles. 

12. (008) What is the smallest divistOD on a medianical engineer's scale 

a. l/Smch. c. l/2inch. 

b. 1/4 mch. d. lincfa. 

13. (006) WUdi ofthe Mowing scales is divided into propoctiottddtvi 

a. Mechanical engineer's scale. c. Architect's scale. 

b. Gvil engineer's scale. d. Ruler. 

14. (009)11ieefaserthsileavesAeleastaniountofddnsis 



a. nibyeraser. c. attgnmetaser. 

b. peocaemer. d. kneadederaser. 



15. (010)11ieiMimaiypaipoieofantUngpenistonsakB 

a. stral^it Unea of unifixm thickness. 

b. stndghl lines of va^fing thickness. 

c. curved imes of varying thickness.* 
d* curved lines ctfun^oRntfndoiess. 

16. (Oll)llieleadfbracompassdiouklbe 

a. one grade hanler than used in peadl work. 

b. one grade solkertliaB used in pencfl work. 

c. 'two grades harder tiiaD used in pencil work, 
d* die same grade as used hi pendl work. 




17. (012) The hairofthe red saUebnidi is noted for its 

a. qxinginettanddurabiL^. c. precisesh^. 

b. softness and ebMticity. d. brisdecolor. 

18. (013) Which ofdie Mowing lettermgsQrles is used for most books, magazines, 

a. Italic. c. Text 

b. Gothic. d. Roman. 

19. (014)T1iestemofalowercaseletterduttextendsabovediebo(fyofthel^ 

a. serif. c. swell. 

b. ascender. d. descender. 

20. (014) Serifii are characteristic ofwhat type of letter? 

a. Godiic. c. Roman. 

b. Italic. d. Text. 
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21. (01S)Refiff to figoit 3-2. What aie the six btsic strokes^ 

a* Verticd,liodioittal,ilaiiledtovd, curve, 

b. V€nicaI,b(Xfiioi«iUdia|oiial,tl^^ 

c. Vertical, horizootid,dia|onal, oval, 

(L Venical,borizoitt>% diagonal xiglK, diagonally 

22. (016) The easiest way to eusare good bright and inciioat^ 

a* ipaoen. c. lobars, 

b. gnideliaes. d. modems. 

23. (017) To obtain good pacing yoa might have to aher which (tf the foUowi^ 

a* m c. LA. 

b. AY. d. AU. 

24. (018) When yon aie lettering, it is iiorneceMaiy that the peadUng be 

a* fhttffi* c« fim* 

b. dean. d* opaque. 

25. (019) WUdi^itfqMdbaQ pen can be osed to make Roman sq^^ 

a. A. c. C. 

b. B. <t D. 

26. (020) Why do lettering bnidies have kof bristles? 

a. To alkm for a greater amottot of flexibiliQr and versatility. 

b. ToboUeoooghpainttocoaqrieteanevenstioke. 

c. Towesrlooger. 

d. To create larger and more complex letters. 

27. 0121) Hofw many si» pens are there m a medianical lettering set? 

a. 8. c. 11. 

b. 9. d. 12. 

28. (Q22)Ifastxipofprq^aredIeQer]ngispIacedottacarvedlineyot!3houU 

a. eadi letter and piice it hidividafillyakmgdK curve. 

b. between the letters except in the center of the sti^. 

c. notches along die top and bottom of the str^. 

d. between the ktten leaving the bottom of die stt^uncot* 

29. ((>23) To insett paper into die photo conqx>sing machine, nise the fi^ 

a* insert paper imo paper wril. 

b. idease die gtddeconttol lever. 

c. pun out die paper feed chttcfa knob. 

d. cenierdie drive feed locathig pin. 

30. (024) Hem many diameters are diere in a type styte used in a conqjutergei^ 

a. 96. c. 120. 

b. 102. d. 144. 
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31. (02S)Waxmaitusedtoq)plyatfainc(>atofwtxtotbe 

a* back side of your copy. c 
b. diazofilm. d 



c. frisketptper. 
d iDttstntioD board. 



32. (026) A plane curvc» the pith ofapoim the sum of whose distant 

a conic section* the dosed intersection ofa plane widi right circular cm side, describes 



35. (029) Ghm an are or a line, the step in die bisecting process is to 

a. sectbeooiivassfora^rradinsgnaterdianone-halfofdiegi^ 

b. sectbecQinpassfbraradfatteiiBaltoooe-halforgivenlineoraro^ 

c. set tteooaqiaai for any radios kssdian half of the given Ib^ 
d- set die oooopeaforaraditts equal to die given line or arc. 

36. (030) Carved pmOal lines can only be dcawn by 

a* trial and en!or. c. geometric constniction. 

b. the hypoceanse method d* die pin and string mediod. 

37. (031) When dividfaig^aoe into equal parts it is necessaryto use a 

a* f fimpess and a scale» c. triangle and a conqNus. 

b. scaksndattiangle* d* scale and divklen. 

38. (032) Which one ofdiefoUowing statements is corrvcr when cottstiQcting a ^ 

a* A tangent to a drcte is perpendicular to a HKiins at die prait of tangency. 

b. Atapgeatloaciicleisneverperpendiculartoaradiusatdiepointoftangency. 

c. AUnetangetttoadicleiaonlypeqwndicuIartoiradiusii^ 

d. AliiietanfenttDaciickissomethnes(batnotalways)peqpendicultf 

39. (033) Thesis for constructing a line tangem to a cirde and fi^ 
fioia a point outskie a circle you have to 

a* strike two arcs. c. strike four arcs, 

b. bisect an arc. d. bisect a line. 

40. (034) When drawing an arc taagett to a straight lien and an arc or a circle, die fim^ 

a* talc0diegivenradiiRlandR2;strikeanarcfiomdiecenterofdiecircIeorm^ 

b. draw a line parallel to die given Une. 

c. dnw a line paralkl to die given Ihie halfway between die circle and 

d. adjust die conqws to a distance equal to twice die distance of RL 



a. a helix. c. eccentric circles. 

b. an elapse. d. c o n centr ic circles. 



33. (Q27)Alinediacdiangesindirectkinak)ngitsendrc]engdiisa 




34. (028) When two straight Ihies meet at a point, which of die folkmingfigum 



a* Arfaombos. c. Aprism. 

b. Aaan^. d« Atriangle. 



5 



231510123 



147 



41. 




42. 




43. (037)WlieQoc»stnicdiisaiefoIvpeat«|oaii^^ 

a* inaaanro the ndfat of tha cfacte. 

b« draw apy itiainatcr of tfaa cifclc* 

c. ttrikBanarcwitfaagiveiiciick. 

d* extood ladioa liiia outtida tba circle > 

44. (Q38)Wlmyoaaitoooitnictiiif ahexafoatbatisM 
di0 acvoaa oocDar mccbod 

a* wMiaconipaii> c. oaiiigaT-aqaaceoiiiy. 

b. widia30^tiiaii^. d luiiif a4S*triaii^. 

45. ((09)R0fcrtDfifim4*31.11iatwoiiiediodafbrcoii^^ 
acxott tfaa flats and the wkkfaacroM the comm. What is me^ 

a* Tha discaocea Bsaaauwd ft^oaa 5?Be flmt wffac^ to wiottwf paniU'ri flat surface 

b« Aay sariiaBCof attcctsfOBi 

c« iwGiauBGOiiBaasHnaxnnaDy ooner* 

d* The disiancas maasnad fim the ceoier* 

46. (040)WbeQyoamdriwhvaDdl^tisiDsthefodni^^ 
nafiasaiiBalto 

a* tham^of axis flstenaooa-half the sdnor axis* 
b« the iii^jot axis flDSQOS tha flDnior axis* 

c. ooe-half the axis. 

d. one-half the mmor axis. 

47. (041) Hie laafoageoflioes was developed to 

a* coofonn with SAE staDdaids* 

b« trauste math logic to eagiiieeriiii logic* 

c* itcmiffe all lines used in geometric drawing* 

d* avoid conftision and misiniBipwtation* 

48. (042) The heaviest line used hi a geometric drawing is a 

a* sectiooline. c* boitlerline* 

b* center Une* d* visitdeline* 

49* (042) A phantom Ihie is need in geometric drawings to show 

a* where an imaginary cot hi the oi»jectii made* 

b* change poaitioos of a moveable object 

c* acrosssectiooareaofyoiirdrawings* 

d* necessary details ofdieoligect hidden from view* 
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so. (043)AiiypioiectioQaiKkbylioe€ofd 

«. «oestiilpcp}ection. asobUquepipiectioo. 
b. Moitbographfcpcoiectte A aGUMtricpfogection. 

SI; (044)Thebaikpuipoie<tfaUiiHiUvkw|xt>^^ 

a* tbeapiKoxisiMtiieoftheot^ 

b. tbeap|KoxiniMti»aiidsbaiKoftfae 

c. aUsU>iewi of the object bdngr^ietented. 

d thetniesiaeaidsli^peoftfaeotqectbeiiitieixt^^ 

52. (04S)AhalfviewofadnrwiiigthoaklaIwaytbetfae 

a* ritowing the nioe t detaa<rf the drawing. 

b. iMittttotheoiherhaIf<tfthedcawiiif. 

c. aeareittotheftillviewofthednwinf. 
<L nearstt to the lop view of the drawing. 

53. ((MC) Wbn the iQifm kit an acM or obcitte angle to aU pandit 
be 

a. a right Migie . c. ananxiliarytiitfKe. 
b« as obUcjue loftoe. d* an aiodliaiy angle. 

S4« (Oi^Wtetteri^-ddeviewUproj^ 
of proj^ection it 

a* fbitao^. c« thirdangle. 

b. oUiqne. d. centnd. 

SS« (048) In wfaidi ct die following types of projection would cods angle formed by die axonometric axes eoual 

a. Pttspectivepfx>jectioQ. c. Isometric projection. 

b. Trimenic projection. d. Dimetricpccjection. 

56. (O49)lnacabinetdnrwing,iiiiididiniensioosareooehalfdi^ 

a. All dimensions. c. Only die horizontal lines. 

b. Only die venical lines. d. Only die receding lines. 

57. (OSO) What is die eflte<rfpasshig a coning plane diroQgh an obj^ 

a. Solid oodines are eUminatad. 

b. The poitionofdie object behmd die plane is renioved. 
c: InienialfeatorBS can be viewed throogh die plane. 

d. TheneedforanofthogrqAicviewiselindnated. 



58. (OSl)WhichstMniettd)oitaprinMffyaaxtliaiyviewisoi^ 

.a. It is not oaed as a partial view. 

b. bisnsedtosbowhowdieendieoiirjectqspean. 

c. It is proijected from a prindpk view in which an inclined stirfiK^ 

d. his projected from aprinc^ view in which an inclined snrfM 

59. (0S2) The nioatcoounon used view hi geooaetric drawing is 

a. primaiynaxiliafy. c. complete auxiliaiy. 

b. paitial audliaqf . d. single auxiliary. 
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60. ((tf3) The kagtb of anowbead with curved ddesubo^ 

a. I. c. 3- 

6L (034) Since every toUd object httthxtedimei^^ 
calkd 

ft. locatkmdimeotiofls. c. sttadarddimeothcu. 

b. tto dim e nikmi , d. rtfoUrdiiiieiitioQt. 

61 (053) Wbndimenekxuiif banc 

ft. placed bocweea views ii^neverponible. 

b. placed on tbe views whenever pooibie. 

c. dopiicatad whenever poaiibte, 
d ptocedtotberiiibtoraUviewi. 

63. (036) What is the poim on die hoii»»i^»eaQ horizon^ 

ft. VaoisUatpoinL c. Gtoundline. 

b. SwiottpoinL d. Picture plane. 

64. ((K36) The point ibron^ which aUconmpnfiiibt rays pass 

ft. picoseptane. c. sonkmpohtt. 

b. vanisUngpoinL d. axisofvisiott. 

63. (007) WbsB does psraUel or one-poioc perspective occur? 

ft. When die hei|jbt and width are oblique to the picture plane. 

b. Wbendiahsi^andwiddiMparaUdtodiepictttreplane. 

c. When die boriaon Hie is above disob^ 

d. When die horizon Una is bakm die object 

66. (037) What is anodier name for aagnhg perspective? 

ft. Fonr*point perspective. c. Two*point perspective, 

b. Ihm-point perspective. d. One^ointperqiective. 

67. (038) What dionU be esoMished before any measuremems are iBftde? 

ft. The horizon line. 

b. Thesiaeof tlieob||ect« 

c. The needed vanisfaiDf points and die horizon. 

d. The needed vanisUnf points and station point. 

68. (039) When drnwhtgdrelss in perfective it is <rften best to 

ft. oaediefoaroenisrlqfootnMdxxL 

b. use an obttcjue circle tB09isie. 

c. dmwacnbeinperpendicuhv. 

d. rough diem in fitehaad first 

69. (060) Why is it necessary 10 keep die vanishini points as far away as possil)Ie? 



ft. ItiseasiertodrMf. 

b. II oovcitlie station point doaer to the object. 

c. It creates ft mom plrning app ea ran ce . 

d. It shifts die horizon to die proper elevaiioo. 

O , JJ1510IB 
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70. (061) The stadoQ point dKHikl be placed 

I t« at the center oftbe plane view at a 30" angle. 

b. totfaeleftofcenterofdieplaneviewataSO^angle. 

c. to the right of center of the {dane view at a 30" angle. 

d. atthecenterofdiepIaneviewata4S"angIe. 



END OF EXERCISE 
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Preface 

IN THIS VOLUME, the study of basic form« layout and composition, human form, 
cartoons and caricatures, amUnhc&Mft, all deal with the drawing of form and how 
to construct a basic layout. Qcncc\r/\</^ Uj'i 

Most of the drawings in this volume are plilt en basic construction. Foldouts I 
through 12 are oversized figures and therefore are printed and bound as a separate 
inclosure to this volume. Whenever you are referred to one of these foldouts, please 
^ turn to the separate inclosure and locate it. 

This CDC also contains Behavioral Objectives designed to help you understand 
% what the subjects are all about. Studying the text and achieving the objectives will 

give you the fundamental knowledge you need to perform as a graphic specialist. 
Guided by the Behavioral Objectives, answer the exercises for each chapter. Then, 
refer to the answer section in the back of the volume and check your answers. 

Code numbers appearing on figures are for preparing agency identification only. 

This volume is valued at 12 hours (4 points). 

Material in this volume is technically accurate, adequate, and current as of 
December !982. 
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CHAPTER 1 



Fundamentals of Drawing 



FORM IS THE SHAPE and structure of anything and 
everything that exists in this world. When we talk about 
form, wc generally think of a three-dimensional 
shape— with height, width, and depth. When starting an 
illustration, all form should be thought of as solid and 
basic. 



1-1. Form 



Form exists because all things have mass; they occupy 
space; and they have an appearance that you can **feer' 
without touching. 

Every object that exists anywhere— from aardvarks 
to zebras— has form. Any picture you draw must be 
drawn so that the illustration is a convincing illusion of 
real form. For this reason, we teach the basic principle 
of all drawn form as being solid form. When you 
understand this principle and that everything has a top, 
bottom, and sides, a small step in understanding all 
basic form will have been accomplished. Most drawings 
that lack these fundamentals seem flat and lifeless. 

Starting with this section, we are going to show you 
and teach you the principles of drawing objects so that 
they look solid— as if they really existed. You will be 
shown how to make each object look near or far, and to 
accentuate its form by the proper use of light and shade. 
When you understand these principles of form drawing 
and are able to apply them to any illustration, the art 
world is your oyster. 



200. Lbt the four basic forms* 



Fottr Basic Fonns. The four basic forms are the 
sphere, the cylinder, the cone, and the cube, as shown in 
figure M. Gifted artists perceived long ago that all 
things can be reduced to one of the four basic forms— or 
modifications or combinations of one or more of these 
basic shapes. They found that all objects, no matter 
how complicated or sophisticated they may appear at 
first glance, are basically made up of the sphere, the 
cone» the cylinder» the cube, or some combination of 
these shapes. When you lean to draw these forms and 
combine them where necessary, you can draw anything 
you see or can imagine. 




SPHERE 





CUBE 



Figure 1-1. Basic Form. 
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Figure 1-2. Drawing through. 

^59 




The principle of drawing form is the backbone or 
foundation of your training. You will be reminded of 
form at every opportunity. Naturally, you are not ex- 
pected to master the drawing of basic form in one or 
two sessions, but as time goes on and with a minimum 
amount of practice, you are expected to get the idea. 
When you flrst realize how to see basic forms in 
everything you come in contact with daily, you then will 
realize how profoundly form influences your thinking 
and improves your drawing. 

When the sense of using form as a base, and the/ee/ 
of solid form becomes second nature to you, you will be 
thinking like an artist. All the things you draw will be 
convincing and you will receive great satisfaction in 
your accomplishments. See foldout 1 (printed as a 
separate supplement to this volume.) 



Exercises (200): 

1. What are the four basic forms? 



From where you are sitting, only the top and two sides 
can be seen. There are two other sidu and a bottom to 
this book. The draw-through method, all sides, top, and 
bottom, should be sketched in just as though you could 
see all the other parts. 

No matter what you draw, make it a rule to flrst 
sketch in the basic form as if you could see through the 
object and see all sides. If you disregard this rule, 
objects may appear to be lopsided, or seem to occupy 
the same space in your drawing. Beneath the shading 
and texture oi all good illustrations lies a form— a form 
in depth. Beginners tend to concentrate on the obvious 
when drawing. Everyone wants to be another 
Michelangelo and start drawing pretty pictures right 
now. In other words, they respond too quickly to the 
surface appearances. All shading and texture seen in a 
drawing are part of the flnal stages. A great deal of 
preparation must be worked out with the basic forms to 
create that feeling of depth. Then and only then can the 
flnal stages be drawn so that you get the feeling of 
being. 



2. What is the foundation of all art? 



(Exercises (201): 
1. What is depth? 




1-2« Form In D«pth 



2. What do we mean by drawing through? 



In showing you how to draw form, it would help if 
you also viewed the object in your picture with a sense 
of reality. All pictures should have the feeling of being 
three-dimensional, particularly the dimension of depth. 



202. Specify the effect of light and shade In combination 
with basic forms. 



201* Define depth and specify what is meant by ''draw- 
lag through/* 



The Dimension of Depth. Depth is the dimension 
that creates the illusion of a three-dimensional object 
drawn at a two-dimensional surface. Since your drawing 
paper is a flat two-dimensional surface, the one dimen- 
sion that you strive for is depth. 

To draw depth, you must sense the mass and 
substance of the object being drawn. To draw a 
convincing illusion of any object, the basic form of the 
object must be seen to extend back into the space you 
have created for your picture. All sides of the object 
must be drawn, not just the flat outline<-this is called 
drawing through. 

Drawing through is the one principle that makes your 
picture look real and convincing even if the actual 
drawing is not the greatest. In flgure 1-2 are examples of 
what is meant by the ''draw through'' method. Let^s 
assume, for example, that you wanted to draw a book. 



Light and Shade. After you have drawn the form 
using the draw-through method, the basic drawing must 
be able to stand by itself as a sound form structure. 
Light and shade are essential to emphasize form in the 
drawing. They will help to make a good basic drawing 
more convincing, but will not save a poor one. 

Bcpn now to train your eyes to see the basic form in 
all things. Remember, too, that most objects are 
combinations of two or more basic forms. In manmade 
structures the basic forms are easy to see, but nature can 
complicate matters somewhat with forms like clouds, 
mountains, animals, and man. So don't get bogged 
down with light and shade before you have the basic 
form. Light and shade can help you once the basic form 
has been drawn. 

Complex form. Complex form can be a problem in 
that you must create the illusion of space with 
combinations of form. Furthermore, this sense of space 
must extend around these objects and beyond them in 
every direction. Space, forms, and perspective contri- 
bute a strong dramatic impact to every picture drawn. 
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Work out the size, placement, and proportion of the big 
forms in your picture; then proceed to carefully draw in 
the details. See foldout 2 (printed as a separate 
supplement to this volume.) 



Illustrations which contain varying values of gray, in 
addition to black and white, fall into the group 
identiHed as tone media. The grays in this media may 
vary continuously from black to white. 



Exercise (202): 

1. Why do you use light and shade in a drawing? 



203. State techniques af^odated with line drawing* 



1*3. TMhnlquM of Lln« and Tont M^dla 



One of the problems confronting you is that of 
deciding which medium and technique to use when 
producing a particular illustration. The term ''media" 
refers to the material with which you work, such as 
pencil, pen and ink, tempera, etc. The term 
''technique" refers to the method of handling the 
materials to achieve the desired effect. One would not 
spend a great deal of time and effort on an illustration 
that will only be used once. The technique on such an 
illustration must be adequate to get the job done. As 
you develop the skill of handling basic techniques, you 
will develop a style of expression unique to you alone. 

The discussion will be on the techniques used in line 
and tone media. Line and tone are the two main classi- 
fications of such media. 



Line Media. Line media include illustrations that are 
composed entirely of black and white areas. This means 
that there are no intermediate values of gray. For 
example, this page may be considered as being created 
in the line media since only values of black and white are 
used to produce it. It is composed entirely of black letter 
shapes against the white background of the page. Notice 
that even though only black and white are used, a gray 
tone is produced if you consider the entire column of 
type as a whole. This effect can be used in line media 
illustrations. 



Line Drawing. Many media can be used to render 
illustrations. Any substance which achieves the desired 
effect can be used. However, for illustrations that must 
be reproduced, preserved, and executed quickly and 
economically, the number of media is sharply limited. 
Since illustrations in line media generally Rt into this 
category, there are only a few types of line media. 
Among these media are ink, pencil, crayon, shading 
sheets, and special surfaced paper. 

Pen and Ink. All of the techniques that use ink as a 
medium depend on the opacity of the ink and its 
capacity to contrast sharply with the ilustration surface. 
India ink is most commonly used because it is 
permanent, waterproof, opaque, and nonreflective. The 
ink is applied with open or closed reservoir-type pens 
and dip pens which come in a variety of points. A few of 
the most common types of pens are shown in figure 1-3. 
Descriptions of these pens and their uses are given 
below: 

• A croquill is a small cylindrically shaped pen and 
very flexible. This type of pen is used to produce 
very fine or very thick lines. The weight of the line 
is determined by the amount of pressure applied to 
the drawing surface. 

• Quills are large feathers from a goose or turkey, 
and are shaped and used as pens. They produce a 
very flexible line that may vary from thin to very 
thick. 

• Artist pens are available ii: a variety of sizes in 
degrees of flexibility. Some are very flexible and 
are used to draw very thin or very thick lines. 
Others are stiff and are used where a variety in line- 
width is not desired. 




Figure 1«3. Typical drawing pens. 
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Lettering pens are available in many different sizes 
and four different shapes* The four shapes are 
roMnd, oval» square* and chiseledge. 
Ruling pens are useid to produce straight lines of 
uniform width when used with a straightedge and 
to produce curved lines when used with an 
irregular curve. 



Outline rendering. The technique of outline 
rendering is relatively simple* yet it is not mastered 
without considerable practice. Outline drawings in ink 
should be clear* sharp* and of consistent density and 
width. The quality of a pen line is affected by many 
conditions and practices. The pressure on the pen* the 
smoothness with which the stroke is begun and ended* 
the evenness of ink flow* and the condition of the 
illustration surface affect the line. The angle at which 
the pen is held* the retracing of lines* and the number of 
times the pen is removed from and replaced on the illus- 
tration surface affect the quality of the inked line. The 
degree of pen pressure determines to some extent the 
width and the consistency of the line and the evenness of 
the ink flow. The number of times that the pen is lifted 
and replaced and the amount of retracing that is done 
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Figure M. Pen-and-ink illustration 
by the outline technique. 




Figure 1-5. Pen-and-ink illustration by 
accenturated outlined techniques. 

affect the consistency and sharpness of the line. Pen 
strokes that are not smooth* or which stop and start 
with uneven pressure* will give uneven* rough lines. 

Requisites of good pen-and-ink techniques are that 
the lines be solid black* free or feathered or bleeding 
edges* and consistent in width* and that adjacent lines 
join without irregularities* breaks* or overruns. An 
example of outline drawing is shown in flgure M. This 
flgure shows the characteristics of outline drawing. 

One of the important characteristics of outline 
drawing is the ability to remain two dimensional. Notice 
in flgure M that the illustration remains flat* even 
though it shows an airman in aplifled perspective which 
would normally give the impression of three 
dimensions. This is an important feature to remember* 
especially when you include a human flgure in an 
illustration and wish to have it remain subordinate to 
other parts of the illustration. 

When you wish to give more three dimensional 
qualities to an outline drr^wing* you can use an 
accentuated line technique. This technique is shown in 
flgure 1-S. Notice how varying the width of the line 
gives this illustration a feeling of three dimensions. That 
is* the flgure of the airman seems to stand out from the 
background of the page. This feature is quite apparent 
when you comdpare the illustrations of flgures M and 
1-5. 



182 



SINGLE LINE 



GRADED LINE 




CROSSHATCH 



Figure 1-6. Examples of tone and shading 
by line techniques. 



Line rendering of tone. Drawing tone or shade by 
means of line is an extension of outBne drawing. The 
effect of tone or shade can be produced by drawing a 
series of parallel lines. Some of the tonal effects that can 
be achieved by line are shown in flgure 1-6. To give the 
effect of flat tone, the lines must be parallel, equally 
spaced, and uniform in width. Darker tones may be 
produced by either placing the lines closer together or by 
using thicker lines. Of course, each technique produces 



an effect that is quite different from the other. 
Combining the two techniques (that is, using a greater 
number of thick lines) produces still darker tones. 

An entirely different tonal effect is produced when 
two series of parallel lines are crossed, f his technique is 
called ''crosshatching." The lines may cross perpendi* 
cular to each other or at any angle. However, each 
technique produces a. different effect. The direction in 
which the lines are drawn also affects the appearance of 




Figure 1-7. Pen-and-ink illustrations showing 
tone and shading by line techniques. 
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Figure 1-8. Pen-and-ink illustrations 
by graded line technique. 



the crosshatching. Notice the difference in the effect of 
the examples shown in figure 1-6 when perpendicular 
crosshatching is drawn in horizontal and vertical direc- 
tions rather than when drawn in diagonal directions. 
Also notice in figure 1-6 that darker tones are obtained 
by drawing additional lines in a different direction. 

The use of graded lines is another technique of pen- 
and-ink medium. This technique uses lines of varying 
width to produce the effect of tone or shade. Three 
different methods of obtaining tone are shown in figure 
1*6. Ore method uses lines of various thickness to show 
gradation from light to dark. Another method uses lines 
which vary from thin to thick. The final example shows 



the effect obtained by varying the pressure on a very 
flexible p>en. 

The bottom three examples of pen-and-ink 
techniques shown in figure 1-6 present an entirely 
different quality of tone. Here the lines are so short that 
they appear as dots. The dots are distributed at random 
until the desired tone is obtained. As you can see, the 
stipple technique not only gives a tonal effect, but also 
suggests texture. 

Now let's see how these line-tone techniques can be 
used in illustrations. Figure 1-7 shows the use of line as 
shade to give the face and hands of the figure portrayed 
a feeling of form. It also shows how crosshatching can 




be used to represent the value of a material that has a 
deflnite color. 

Figure 1-8 illustrates the use of graded lines. Here 
graded lines are not only used to give the subject of the 
illustration form, but are also used to add character to 
the subject. The same technique could not be used for 
the subject portrayed in figure 1-9. The subject in figure 
1-9 calls for a soft, more delicate touch. Notice, 
however, that the lines in both illustrations are applied 



Figure 1-9. Pen-and-ink illustrations by 
Crosshatch technique. 




Figure MO. Pen-and-ink illustrations 
by stipple technique. 




Figure Ml. Dry-brush application. 
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Figure 1-12. Illustrations by dry*brush technique. 



to the fonn of the subjects. They follow the contour of 
the form. 

Notice how effectively the stipple technique is used in 
figure 1-10. Not only is the form of the molded parts 
portrayed » but shadow and texture are also represented. 
Where the parts are machined » a line technique gives a 
smooth* flat representation. 

Brush and ink. Some illustrators prefer to apply ink 
to an illustratfon with brush rather than a pen. This 
method is very adaptable to accentuated line techniques 
and to large solid areas of black. India ink is very hard 
on sable brushes; therefore, you should not use your 
best brushes for this type of work. Be sure to clean your 
brush thoroughly after using it with ink. 

A brush can be used for other purposes than drawing 
lines. Ink» lampblack^ and black tempera paint can be 
applied with a dry-brush technique. This technique 
consists of applying the media in a rather thick state. 
That is» the media is almost dry. The application of this 
technique is illustrated in figure Ml. 

To apply ink or another medium by the dry-brush 
method, you dip your brush into the medium, spread 
the hairs apart by pressing the brush down on a palette 
or piece of scratch paper and then rotating the brush 
slightly, lightly wipe off the excess medium on a blotter 
or piece of paper, and then drag the tips of the hairs 
across the drawing paper. You should use an upward 
motion at the end of the stroke. Figure 1-12 shows a 
typical example of an illustration drawn with the dry- 
brush technique. 



Exercises (203): 

1. On what two qualities do all techniques using ink 
depend? 



2. What type of pen has the ability to produce a very 
fine or very bold line? 



3. Outline drawings in ink shoved be. 
and c' 



density and width. 



4. What is the technique called when two series of 
parallel lines are crossed? 



204. State the need for textured surface when prodaciog 
a line media drawing with pencil. 



Pencil. Lithographic, carbon, or other types of black 
pencil can be used with the same line techniques as those 
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Figure 1-13. Drawing on textured board. 



used with pen and ink. However, since the lines 
produced by these media are not as sharp and do not 
have the contrast that ink lines have, a different 
technique is usually used in a line media illustration 
produced with pencil or crayon. The drawing is applied 
to a textured surface. Figure 1-13 shows the principle of 
application. 

the paper on which the sample techniques of figure 
1-13 were originally drawn has a spedal surface, the 
paper is not only textured with a chalky surface* but the 
texture has a definite pattern. In the top example* pencil 
was applied to a solid area and a knife was used to 
scrape away part of the top surface. This technique 
gives a pattern of white on black. A black on white 
pattern, as shown in the middle example* is produced by 
moving a pencil or crayon lightly over the surface. The 
side of the pencil or crayon is used* and the action is 



continued until the desired value is obtained. As you can 
sec in the bottom example, a graduation of value from 
light to dark can be obtained by continuing the process 
and by gradually increasing the pressure applied to the 
medium until the surface of the darkest area is entirely 
covered. 

The black-on-white technique can be used on any 
rougii or grained surface. The illustration shown in 
figure 1-14 is an example. The results are satisfactory as 
long as only the high parts of the surface are covered. 



Exercise (204): 

1. To be classified as a line media illustration, a pencil 
or crayon drawing is usually produced on what type 
of surface? 



205. Lbt the types and special features of prepared 
shading media. 



Prepared Shading Media. Although prepared 
shading sheets are not used to render a complete 
illustration, they are often used as a timesaving device 
and for special effects. Two different types of shading 
sheets are available— the transparent film patterns and 
tones and the chemical^development patterns and 
screens. 

Chemically developed shading media. The chemically 
developed shading medium consists of papers and 
boards that contain invisible patterns and screens which 
are made visible by the application of chemicals. The 
process is simple. The invisible patterns or screens arc 
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Figure M5. Application of chemically developed shading sheets. 



brought out by applying a special colorless liquid by 
means of brush or pen. Both single-tone and double- 
tone patterns are available. A sample of each type is 
shown in figure 1-lS. The double-tone surface conUins 
both light and dark tones that are developed with two 
different solutions. 

The chemically developed method of obtaining tone 
is fairly fast and economical when compared with the 
same effect obtained with pen and ink. This technique is 
relatively simple and easy to master. An example of the 
effects achieved by this technique is shown in figure 
M6. 

Transparent film patterns and tones. Transparent 
film patterris and tones are usually printed on dear 
cellulose acetate and may have an adhesive back. The 
flbn comes in a variety of line patterns for use in line- 
rendering and for shading. Screens and tones are used to 




Figure !-16. Giemictlly developed shading 
sheet illustration. 



give a halftone rendering effect. Examples of both line 
and tone patterns are shown in figure 1-17. 

Figure 1-17 shows how the transparent film is applied. 
First, cut off a piece of film large enough to cover the 
area where the line pattern is to be applied. Then, apply 
the fibn over the entire area, even including the 
intermediate areas where a line pattern is not desired. 
Now with a sharp knife, cut around the area where a 
pattern is not wanted and peel off the unwanted portion 
of the fibn. When cutt^, be careful to cut only 
through the film and not to cut the surface of the 
illustration board. The fibn may not come off in one 
piece, because it tears easily. In our example, it has not 
been entirely removed from the subject. 

Hgure 1*17 shows the use of transparent film as a 
background. However, the media can be used as Une- 
rendering, as shown m figure 1-18* In this illustration, a 
film of one pattern is used to produce different totial 
effects. To produce these effects, the entire area was 
covered with the origmal pattern. The additional pieces 
were applied to various smaller areas. These smaller 
pieces were applied over the original pattern, but 
slightly offset from it. When the desired tone was 
obtained, the pieces were pressed into their permanent 
position. 

Various patterns can be created by overlapping the 
same pattern or different patterns of transparent fibn. 
A few of the countless numbers of patterns that can be 
created in this manner are shown in figure 1-19. 



Exercises (205): 

1. What are the different types of prepared shading 
sheets? 



2. What special feature does prepared shading media 
have that other shading techniques do not have? 



3. How are unique patterns created with shading 
sheets? 
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Figure 1-17. Application of trinsptrcnt shading sheets. 
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figure M8. Tnmsparent shading sheet illustration. 



206. Describe the properties of pencil, crayon, conte', 
tnd charcoal la rdation to tone. 



Pencil, Crayon, Chnrconl, and Conte'. Pencil 
crayon» carcoal» conte' and other similar media are 
not ordinarily thought of as media for fmished artwork. 
However, they are very useful both for roughing-in of 
ideas and for comprehensive layouts. Since the 
techniques of using these media are the same, we will 
discuss only the pencil medium. 

In addition to lead or graphite pencils, other pencils, 
such ts carbon and lithographic, arc useful in 
illustrating. The lead pencil leaves a shiny surface, 
whereas a carbon pencil gives a matte finish, which gives 
a richer black. 

As you learned earlier, lead is graded from extremely 
hard to very soft. The hardest lead produces a very light 
gray tone, while the tone varies progressively darker 
with each softer grade. This tonal effect, using three 
different grades of pencil, is shown in figure 1-20. 

Dark, mat-finished pencils come in various degrees 
of softness. All give an appearance of blackness when 
used on a paper with a slight tooth or texture, as 
compared with the gray effect of lead pencils. 



Pencil can be used on any kind of paper stock, 
though a shiny paper does not take hard lead very well. 
A rough paper will naturally take the pencil on the 
higher ridges, resulting in a granular effect. This effect 
is shown in part A of figure 1-21. Where necessary, this 
effect can be altered by rubbing down the area with a 
paper stump or with the tip of a finger, as shown in part 
B. Darker tones can be added to a light area by going 
over the area with a softer pencil. Highlight can be 
brought out with a kneaded eraser, as shown in part C. 

When pencil is used on rough paper to cover only the 
high ridges, as in the illustration shown in figure 1-22, 
the illustration can be reproduced as a linecut. This is 
the printer's term for an illustration produced by a line 
technique. However, if the illustration is produced by 
rubbing or covering parts of the entire surface of the 
paper as in figure 1-23, a halftone process of reproduc- 
tion must be used to reproduce it. This is a process 
which reproduces the illustration by breaking the tones 
into tiny dots. Illustrations printed in newspapers are 
reproduced by this process. 



Exercises (206): 

1 . What effect is produced by nibbing a pencil area 
with a paper stump or the tip of your finger? 



How. do lead or graphite pencils differ from carbon 
or lithographic pencils as they relate to the tonal 
media? 




4H H9 4.B 

Figure 1-20. Effects of different grades of pencils. 

207. Suite the procedures for laying a wash. 



Transparent Wash. Wash is a transparent watercolor 
made by diluting either lampblack, India ink, or 
Chinese stick ink. Lampblack is easiest to use, but India 
ink has the advantage of being waterproof, making it 
possible to lay one wash over another without picking 
up the one underneath. Chinese stick ink is prepared by 
rubbing the stick around in the porcelain dish with 
water until the desired amount is dissolved. This is 
strained through a wet cloth to get rid of any solid 
particles that may be left. 

Wash is applied with round or flat red sable brushes. 
This wash (or ink) lines are drawn with a croquill pen or 
very small brush. After use, brushes should always be 
rinsed out in clean water, pointed up carefully, and laid 
flat where the hairs will not be disturbed. Brushes 
should be washed occasionally in warm water and a 



mild soap, rubbing the brush gently in the palm of the 
hand, then rinsing it thoroughly in lukewarm water. 

Flat wash. To lay a flat wash, the paper should be 
taped down to a drawing board, and the board should 
be tilted to about a 30^ angle. The first step in laying a 
flat wash is to mix enough watercolor diluted to the 
desired value to cover the entire area over which the 
wash is to be laid. For best results, wet the area with 
clear water and allow it to dry until no moisture can be 
seen on the surface. Then load the brush with the 
watercolor. Starting at the top of the area, take an even, 
moderately fast stroke across the paper, holding the 
brush quite flat so that most of the hair touches the 
paper. The color is carried along at the heel of the 
brush, and a pool along the bottom edge of the stroke is 
formed. Remember that wash is floated on, not rubbed 
in. Upon reaching the end of the stroke, as shown in 
figure 1-24, bring the wash down without lifting the 
brush; then start back across the paper in the opposite 
direction, allowing a slight overlap with the previous 
stroke. This is continued over the area to be covered. 
Before the brush loses its pool of color, quickly dip it 
into the watercolor previously mixed and continue the 
next stroke. When the wash is finished, the pool of color 
at the bottom is picked up by squeezing the brush dry 
and running the brush lightly over the pool of color. If 
this pool of color is not picked up, the color will settle 
and form a dark line along the bottom of the washed 
area. 

Graded wash. Laying a wash graded from dark to 
light value, like the one shown as part B of figure 1-24, 
is accomplished by starting out with the brush loaded 
with the dark tone and dipping it into clean water after 
every stroke or two, diluting the wash as you proceed. 

A wash from light to dark can be accomplished in a 
similar manner. Starting out with clear water, you add a 
little color after each stroke. 

Special techniques. Figure 1-25 shows some of the 
special effects of differ^'nt wash techniques. The top 
example shows the techiwque of softening the edges of a 
wash. This can be done either on a wash applied on the 
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Figure 1-21. Application of pencil techniques. 
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can be laid evenly over the entire area. After the wash is 
Figure 1-23. Pencil illustration for halftone. dry, the masking medium is picked up, leaving the 

protected area without wash. 



surface of the paper, as shown, or on a wash applied 
over a previous wash. After laying the wash, you rinse 
the brush out quickly in clean water and then drag the 
tip of the wet brush slowly across the edge of the still 
wet wash. The brush should be held flat so that the 
water wets the paper a short distance below the wash, 
allowing the color to run down into the wet area. 

Very soft, fluid effects (characteristic of watercolor) 
can be obtained by working into a wet area. To produce 
example B, the paper was first moistened with clear 
water; then a light wash was applied while the area was 
still wet. When the wash was nearly dry, the spots were 
dapped in with a loaded brush. Working over wet paper 
increases the softness of the edges, but also decreases 
the control of the wash. When the wash is dry, sharp, 
crisp accents can be added, as shown in example C. 

When the wash must terminate in a very sharp 
straightedge, masking tape is laid along the edge and the 
wash is brushed right up to it. Be sure that the wash does 
not collect along the tape; do not remove the tape until 
both the wash and tape are dry. A liquid masking 
medium or rubber cement can also be used as a mask 
over the area where you do not want wash. The results 
shown in example D of flgure 1-25 were achieved in this 
manner. The advantage of using a mask is that the wash 



Exercises (207): 

1. What is a wash illustration? 



Why must a wash be started at the top of the 
illustiration? 



How are soft, fluid effects obtained in a transparent 
wash? 



What is the easiest method of terminating a wash 
with a shart straightedge? 
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Figure 1-25. Special effects of transparent wash. 



1-4. Color Thoorles and Techniques 



Color is so constantly in evidence all around us that 
we give it very little attention. We merely accept it, as we 
do sunshine and shadow. Although we appreciate its 
beauty, we do not consciously realize what an important 
part it plays in our lives. But whether we realize ir ot 
not, color influences us during practically every waking 
moment. 

The important part that color plays in our lives is 
shown in many ways. We are more inclined to be 
cheerful on bright, colorful days than when the sky is 
gray. We are more contented in harmoniously colored 
rooms of reasonably distinct hue than in those which are 
drab. Yet, we are disturbed by interiors that are gaudy 
and crude. We like the out-of-doors for its green trees, 
blue skies, and purple hills. Even our food is more 
attractive and more appetizing than it would be if it 
were a neutral tone. 

In addition to its artistical and psychological values, 
color serves us in many practical ways. Color aids us, 
for instance, in identifying one object from another at a 
glance. It helps us to know whether fruit or vegetables 
are unripe, ripe, or spoiled; whether food is raw, 
sufficiently cooked, or overdone; and whether objects 
are extremely hot or cold. In fact, there is hardly a phase 
in our existence that is not affected in some way by 
color. 

Is there any wonder then why color is so important to 
you as an illustrator? You, who must portray people 
and things in a world of color, must learn to appreciate 
and understand color far more than those who merely 
enjoy it. You must learn to use it in many ways: to 
attract and hold attention, to lead the eye, and to please, 
as well as to give many other desired effects. 

To use color effectively, you must possess a basic 
knowledge of color theory. You must know the qualities 
of color, how different colors are related to each other, 
how to mix colors, and how to select colors that go well 
in combination. You can learn these fundamentals by 
studying this chapter. In addition, this chapter includes 
techniques of using color in the following media: oil, 
acrylic, watercolor, tempera, pastel, pencil, crayon, and 
multimedia. 



208. Define light dispersion and the light spectrum. 



Relatir nshlp of Light and Color. From the beginning 
of time man has been interested in color and has 
continuously sought to wrestle its secrets from nature. 
However, it was not until the advent of science IhH 
intelligent research and experimentation was conducted. 
Especially in the last two centuries, physicists, 
physiologists, and psychologists have studied the 
problems of light and color and the processes of vision. 
Chemists, too, have made progress in the discovery and 
perfection of pigments. 
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Figure 1*26. Dispersion of light. 



Wc arc indebted to Sir Isaac Newton who, in the 17th 
century, discovered that light consisted of many rays 
(each of which, when allowed to reach the retina of the 
eye, produces the sensation of a distinct color); and that 
the fusion of all the sensations generated by the mixture 
of rays gives the sensation of white. We also learned 
that light comes from its source (the sun) as a wave 
motion traveling at a speed of approximately 186,000 
miles per second. The sensation known as color is 
produced by the action of these rays of light upon the 
optic nerve. The waves vary in length, and this variation 
causes the different colors. 

Newton made his discovery by performing an 
experiment which is shown in figure 1-26. In a darkened 
room» he admitted a beam of sunlight through a slit in a 
window shade and allowed it to pass through a prism. 
This separated the light into a long line of colors such as 
those we sec in a rainbow. This separation of light into 
its element is called dispersion, and the resulting band of 
color is known as the spectrum. The colors of the 
spectrum arrange themselves in order of their 



wavelengths, the long waves being less refracted than 
the short waves. Starting, with red, which has the longest 
and slowest vibrating wave of any ray visible to the 
human eye, the colors follow in this order: red, orange, 
yellow, green, blue, and finally violet. 

Newton also demonstrated that the separated colors 
can be recombined into white light. He proved this by 
using another prism and also be receiving them onto 
mirrors or lenses so curved that they convey the colors 
to a single spot> 

Thus, long ago man learned that light is the source of 
color and that white light is made up of varying rays, 
each capable of producing the sensation of a distinct 
color. It is obvious, then, that when light is present, 
color is present and that when light is absent, color is 
absent. It follows that the nature of light influences the 
nature of color. Objects look different under daylight, 
electric light, gas light, colored light, etc. 

With thij!as a background, let us consider why one 
object looks red and another green. If we glance at an 
object (excepting self-luminous, fluorescent, or 
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ORANGE 






Figure 1-27. Sut 

transparent ones), we see the object because some of the 
light cast upon it is reflected into our eyes. It is easy to 
understand why the object appears bright when it is in 
strong light and appears indistinct when it is in dim 
light. It is not so easy to understand why one object 
appears red and another green until we learn that 
surfaces exercise a selective power on the light. Every 
surface decomposes the particular light by which it is 
illuminated. Each surface absorbs some of the light rays 
while it reflects or scatters other rays in all directions. 

A red object, as it decomposes the light that falls 
upon it, absorbs or annihilates all the rays except the 
red. These red rays are reflected. Thus, we see the object 
as red. A green object has the power to absorb all of the 
rays except the green. A white object is merely one 
which reflects a large percentage of all rays so balanced 
as to give the effect of an absence of color— white. A 
black object is one that a.bsorbs nearly all of the light 
rays. 

• Other investigators of light made additional contri* 
butions to our knowledge of light and color. Sir David 
Brewster concluded after long experimentation with 
pigments and color glasses that light was made up of 
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tractive process of color. 

three primary colors— red, yellow, and blue waves. Dr. 
Thomas Young, and later Professor Helmholtz, 
working with spectral colors, conceived the theory that 
instead of red, yellow, and blue, the true primaries were 
red, green, and blue (blue*violet). 

The important factor that we learned from these 
theories is that the law^ that apply to light do not apply 
to pigments. Obtaining different colors by means of 
light is an additive process, while obtaining colors from 
pigments is a subtractive process. For example, in color 
television, all colors are produced from the primary 
colors, red, green, and blue. When the red dots of a 
color TV screen are illuminated, we see the area as red. 
If the green dots in this prea are also illuminated, the 
combination of red and green appears yellow. If the 
blue dots are also illuminated, the area appears white. 
By adding the colors red, green, and blue in the correct 
proportions, all colors can be produced. 

The subtractive process of pigments works entirely 
different. As shown in flgure 1-27, the three primary 
colors— red, yellow, and blue— when mixed in the 
proper proportions, produce the remaimng colors of the 
spectrum— orange, green, and violet. Notice that when 
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all three colors are mixed together, the result is black 
rather than white, as in mixing light. 

The important fact to remember about this 
discussion of light and color is that, although light and 
color are inseparable, we must treat color by pigmen- 
tation as a separate and distinct process. Since it is color 
by pigmentation in which we are most interested, when 
we refer to color from now on, we will mean pigmenta- 
tion color unless we specify otherwise. 



Exercises (208): 

1. Who discovered light rays? 



2. What is dispersion? 



3. What is a spectrum? 



209. Compare the qualities and the relationships of 
color. 



Color Qualities. If we look at any given color 
analytically— the red of an apple, for instance— we 
discover that it possesses three outstanding 
characteristics of qualities— hue, value, and intensity. 

Hue. The quality by which we recognize one color 
from another and which (we suggest by its name) is 
called hue. The apple is red; red is the hue (or name) of 
the color. 

We can alter the hue of a color by mixing another 
color with it. If we mix red pigment and yellow pigment, 
we produce orange pigment. This is a change in hue. 

Value. Next comes the quality by which we discern 
lightness or darkness in a color. This we call value. It is 
by value that we are able to discriminate between light 
red and dark red. 

We change the value of a color by mixing something 
lighter or darker with it. If we mix black or white with a 
color, we change its value but not its hue. This change 
can probably be best shown by means of watercolor. If 
we add water to red pigment, we make the value lighter, 
but we do not change its color or hue. It appears as pink 
which is still a red hue. It is not orange or green or blue. 

We call a color in its full, natural strength normal 
color or a color of normal value. If the color is lighter 
than normal, we call it a tint. If it is darker than normal, 
we call it a shade. These latter terms are so often abused 
that it is better to use the word vo/wc- such as "a light 
value of red" rather than **a tint of red" or ''a dark 
value of blue" rather than ''a shade of blue." Tone is a 
word of such ambiguous meaning that it is best to 
employ it only in a general way to include all normal 
colors, tints, and shades. 



Intensity. The third quality of color relates to 
strength. Some colors are strong and some are weak. 
The quality by which we distinguish between them is 
called intensity, or chroma. If we remark that an objeci 
is saturated, is colorful, or is strong in color, we refer t 
its intensity. 

We can change the intensity of a normal color by 
mixing with it a pigment that tends to dull or fray it. We 
can change intensity without changing value or hue by 
adding neutral gray of equal value. 

Color Relationships. The solar spectrum (as 
projected onto a screen by means of a prism) is 
extremely brilliant. It is light itself. If we try to represent 
this spectrum with even the purest pigments obtainable, 
we cannot approach its intensity. Each pigment absorbs 
many of the light rays that come in contact with it and 
tends to reflect portions of hues other than the 
dominant one. White paper reflects only a little more 
than half of the light that falls upon it. 

As you know from our previous study of light and 
color, the spectral hues red, green, and blue-violet are 
classified as primary; and by mixing these three hues in 
proper combination, all other spectral hues can be 
produced. These primaries, in properly balanced 
mixture, also produce white. But in dealing with 
pigments, approximations of these spectral primaries do 
not prove primary. If we mix red and green, for 
instance, we get gray instead of the yellow as is the case 
in spectral mixture. You cannot produce normal yellow 
by mixing any other colored pigments. You cannot 
produce white by mixing any combination of colors. 

Primary colors. Various authorities select differen 
pigment colors as primary. Perhaps the most widel; 
used primary concept, and by far the easiest to under 
stand, is the red, yellow, and blue concept of Brewster. 
From these three primary colors, almost any desired hue 
can be mixed. 

Secondary colors. By mixing any two primary colors, 
we can produce a full range of intermediate hues. The 
hue that is midway between the two primaries is called a 
secondary color. For example, if we mix varying 
proportions of red and yellow, we obtain a full range of 
oranges. The orange that stands midway between red 
and yellow is a secondary color. In the same way we can 
produce green by mixing yellow and blue in the 
appropriate proportions and can produce violet by 
mixing red and blue. These three secondary 
colors— orange, green, and violet, together with the 
three primaries— give us six leading colors. Most 
coloring sets will include at least these six colors. 

Soma books say that mixing equal parts of primary 
yellow and primary blue will produce secondary green. 
This is not always true. Yellow, though extremely 
intense, is light in value. Blue is dark, but less intense. In 
equal mixture, therefore, one may outweigh the other, 
and a normal green may not result. 

Tertiary colors. By continuing the mixing process 
further, you can obtain the three tertiary colors. 
Tertiary colors are a combination of the secondary 
colors. The three tertiary colors are olive (green ani 
violet), russet (violet and orange), and citron (orangi 
and green). Experimenters in the field of color have 
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invented an extremely valuable device commonly known 
as the color wheel. An example of one type of color 
wheel is shown in figure 1-28. A color wheel is really a 
simple scale for measuring hues. Although there is no 
arbitrary rule as to the number of colors in a wheel, a 
12-hue wheel is convenient since it exactly 
accommodates the 3 primaries, 3 secondaries, and 6 
tertiaries. 

By saying that such a wheel is a scale for mea' ig 
hues, we by no means classify it es a scit. fic 
apparatus. The approximate measurement of any hue 
can, however, be quickly judged by the eye if the hue is 
referred to the hues of the wheel for comparison. 

Complementary colors. The color wheel can also be 
used to show another color relationship— comple- 
mentary colors. Before we use the wheel to determine or 
to show the relationship of complementary colors, let's 
go back to the study of light to get a clear definition of 
the term "complementary.** 



Recall that we see an object because that object has 
the ability to absorb some of the light that falls on it and 
to reflect the rest of the light. The rays absorbed by the 
object are said to be complementary to those retlected 
because if the absorbed light could be combined with 
the reflected light, white light would be produced. Or, if 
we take the spectral colors, we find that blue-green is the 
complement of primary red because, when these colors 
combine, they produce white light. Likewise, when 
blue-violet and yellow or green and purple are 
combined, they produce white light. Therefore, red and 
blue-green, green and purple, and yellow and blue-violet 
are complementary spectral colors. 

The importance of these facts about complementary 
spectral colors is that we can draw valuable parallels in 
terms of pigmentation. For example, if we mix together 
our pigment primaries, we get gray instead of the white 
produced by spectral mixture— this difference being 
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Figure 1-28. Color wheel. 
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mainly due to the dullness or impurity of pigments when 
compared to light. 

Pigment complements can be identiHed in much the 
same manner as the complements of spectral colors. By 
mixing primary red with primary blue, we obtain a 
secondary— violet. This is the complement of the third 
primary— yellow, and vice versa. In other words, the 
secondary obtained by mixing any two primaries is the 
complement of the third primary. It follows that if a 
primary is mixed with the secondary that is its 
complement, the result will approximate neutral gray; 
since the secondary is made up of the other two 
primaries, the three primaries are actually being mixed. 
Further (and this is the wonder of the color wheel to 
which we have been leading), any hues exactly opposite 
on a well-prepared color wheel are complimentary, as 
you can see in flgure 1-29. 

We cannot overemphasize the prominent position 
these complementary hues have in work with pigments. 
You should use flgure 1-29 to memorize the principal 
pairs. This will be very useful in mixing colors. When a 
color and its complement are mixed together, eacn tends 
to dull or neutralize the other; but when placed side by 
side, each emphasizes or accentuates the other. Thus, 
complements have the power to destroy and ^o 
reinforce, according to how they are used. 

Let us examine the destructive characteristic of 
complements and see how we can use it. Suppose you 
have mixed a wash of orange and it is too bright for 
your purpose. Mixing it with water will make it lighter, 
but not duller. How can you modify iii intensity? By 
adding gray? Yes, but tlie use of gray often has a 
deadening effect. Instead, add complementary blue. 
This will dull the orange but will not destroy its richness. 
In the same way, if you have painted a green hillside and 
it seems too vivid, lay a pale wash of red or red-violet 
over it. 

As an example of the reinforcing characteristics of 
complements» suppose that you are painting a building 
that is in bright sunlight. You can enhance the brilliancy 
of the yellows and oranges by opposing them with blue 
or violet shadows. 

Valae. The easiest approach to the study of color- 
value relationships is through comparison with black 
and white. In black, we have the lowest of all 
values— black standing for the absence of light. In 
white, we have the highest value that our paper and 
pigments permit— white representing the maximum 
presence of light. This gives us two predetermined 
extremes. By mixing black with white in varying 
proportions! we can obtain innumerable intermediate 
values of gray. It is customary to estabish a limited 
nnmber of progressive steps or intervals. If we use seven 
steps of gray plus black and white, we form a value scale 
like the one shown in the center column of figure 1-30. 
This scale can be used very successfully in comparing 
the value relationship of the 12 colors of the color 
wheel. 

If we divide the 12 colors of the wheel into 2 equal 
groups and arrange them opposite to the gray values^ as 
shown in figure 1*30, we can quickly compare the values 
of tht colors with the values of the grays. Notice that 



these values have been given names on the scale. Also 
notice that yellow has the same value as the gray 
identifled as high light; yellow-orange and yellow-green 
have the same value as light; orange and green match 
with low light; red-orange and blue-green with middle 
gr^y; red and blue compare with high dark; and violet 
has the value of low dark. Remember that the colors 
shown are at full intensity. Of course, if we use tints and 
shades of the various colors, we can create separate 
scales for each color. It is obvious that we could not get 
many tints of yellow or ma^.y shades of violet because of 
their nearness to the value limits of white and black. 

Temperatare. Colors have a natural temperature 
value associated with them» and are grouped into two 
categories, warm and cool. Warm colors are generally 
red, orange, and yellow. The cool colors are green, blue, 
and violet. Warm colors appear to advance in space 
whereas cool colors appear to recede. These 
temperature properties must be considered in the 
effective use of color. 

Interaction of Color. Whenever two colors are placed 
next to each other, an automatic interaction takes place. 
This interaction is called the law of simultaneous 
contrast. By using the law of simultaneous contrast, you 
can make a weak red appear redder by placing it next to 
a green. Simultaneous contrast can also be used to 
change the value and hue of a color, (red-orange placed 
on orange will appear red). 

Contrast. !f we arrange colors (this includes black, 
gray, and white) side by side so that one is seen against a 
larger area of another, they tend to modify one another. 
In other words, colors are modifled in appearance by 
their proximity to other colors. This modiflcaUon can 
be seen in flgure 1-31. Let us flrst consider modiflcaUon 
in terms of gray. Notice that the two discs, which have 
the same value, appear to be of different values because 
their immediate surroundings have a different effect 
upon them. The apparent change in value is not the only 
way in which the discs are affected. There is also an 
apparent change in size. The disc surrounded by the 
darker vidue appears slightly larger than the one 
surrounded by the li|^t value of gray. This is known as 
the radiation effect. 

Value is not the only factor which is affected by 
environment. If you place a small square of neutral gray 
on a blue background, the gray seems to take on an 
orange cast. The same gray against orange shows a hint 
of blue. This is quite evident when you use large squares 
of blue and orange placed side by side and lay a piece of 
tracing paper over the whole area. 

As a striking test, lay small green discs in the centers 
of two adjacent large squares, one light yellow and the 
other dark blue, as represented in flgure 1-31 . The green 
against the yellow seems darker in value than against the 
blu^ and appears slightiy blue-green in hue. The green 
against tiie blue seems slightly lighter and appears 
slightly yellowish. Not only do the two small green areas 
apparentiy change, but the yellow in contrast with the 
green and blue seems slightiy orange, and the blue in 
contrast with the yellow and green appears a bit purple. 
This test demonstrates that colors are influenced in hue 
by adjacent colors, each tinting its neighbor with its own 
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Figure I '29. Complementary color scale. 
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Figure 1-31. Influence or surrounding colors. 



complement. Intensities, as well as values, are affected 
by environment. If two complementary colors lie side by 
side, each seems more intense than by itself. 



Where on the color wheel are the complementary 
colors located? 



Exercises (209): 

1. Match the terms in column A with the quality of 
color they most nearly describe or with which they 
are most nearly associated in column B. 



In V ?iat way does the environment in which a color 
is placed affect the color? 
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Column A Column B 

(1) Tint. a.Hue. 

<2) Lightness or darkness. b.Vaue. 

(3) Name. c.Intensity. 

<4) Chroma. 

(5) Shade. 

(6) Strength. 

(7) Color. 

(8) Norma! color. 



Why don't we use the same primary colors in 
pigments that we use in spectral colors? 



3. Designate the two primary colors listed in column B 
which are mixed together to produce each 
secondary color listed in column A. 



Column A 



Column B 



(1) Green. 

(2) Orange. 

(3) Violet. 



a. Red. 

b. Yellow. 
cBlue. 



Why is it convenient to use a 12-hue wheel as a 
measuring scale rather than a wheel of more or less 
colors? 



1*5. Color Harmony 



Certain combinations of colors, whether in nature or 
art, are agreeable to the eye and mind, whereas others 
give offense. We call the former harmonies and the 
latter discords. 

Just as numerous attempts have been made to 
discover the laws of light and color, great effort has 
been expended in trying to Hnd the reasons why some 
color combinations are pleasing and others are not, and 
to devise laws to insure harmonious use of color. 
However, in view of our previous discussion on the 
effects of environment on color, we know that color 
harmony is not merely a matter of selection, but also a 
matter of arrangement. Area, oscillation, radiation, tex- 
ture, and color fitness are all factors that influence color 
harmony. Therefore, these factors must all be con- 
sidered when we select color schemes. 

210. Associate the terms monochromatic, analogous* 
complementary, and triad to color harmony. 



CiC Color with White, Gray, and/or Black. The 
simplest scheme is that of an individual hue used in one 
value and intensity in conjunction with white, gray, 
and/or black, and sometimes with silver or gold. A 
common illustration of this scheme is the booklet 
printed with black ink on white paper (the type masses 
giving the impression of gray) and a cover of colored 
stock. 
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Schemes of this type seldom give offense. As a rule, if 
a single color is used with large areas of black, a warm 
one— red, orange, or rich yellow— is most effective. 
These colors have a brilliancy and vigor which appear to 
relate them to black. If such cool colors as blue, blue- 
green, or blue-violet are used with black, they are at 
their best when quite intense. 

White often impresses us as somewhat warm. If a 
single color is used against it, a rather dark, cool one 
gives the happiest contrast. Blue and white have always 
been a popular combination. For softer effects, the 
light, warm colors are suitable, though many colors, 
especially if used as tints, are usually pleasing against 
white. 

Monochromatic. This scheme is merely an extension 
of the previous one to include all values and intensities 
of a hue, and is used with or without white, gray, or 
black. The most frequent illustration perhaps, is the 
drawing on white paper with a single color such as sepia, 
the values ordinarily varying from light tints to d rk 
shades. We might say that the use of one color does ot 
constitute color harmony, since there is nothing with 
which the color can possibly agree or disagree. Strictly 
speaking, this is true, and such schemes run the danger 
of becoming monotonous. However, it is surprising 
how colorful some such arrangements are. If you wish 
to get slightly more variety than the strictly 
monochromatic scheme affords, you can simply add 
inconspicuous suggestions of other colors. 

Analogous. An analogous or, as it is sometimes 
called, related color scheme is made up of colors which 
are nearby in the spectrum. For example, orange, 
yellow, and green form an analogous scheme, since they 
ali contain the common factor yellow. 

A glance at the color wheel will show you which 
groups of colors are analogous. If we start with yellow, 
we note that yellow-orange and yellow-green (which are 
made up largely of yellow) are particularly close in 
relationship. These three form a close analogy. If to 
these we add orange and green, each of which contains 
some yellow, this entire S-hue group is analogous. We 
can even include red-orange and blue-green because 
both of these contain a slight amount of yellow. Out of 
the 12 hues of our scale, this gives us 7 hues that are 
somewhat related due to their yellow content. In 
arranging analogous schemes, the more of the circle that 
we include, the greater our difHculties become. 
Therefore, typical analogous schemes usually do not 
take in more than one-third or a quarter of the color 
wheel. 

Although analogous schemes are often among the 
most pleasing and are as easy as any to handle, the very 
uniflcation which makes them harmonious may at the 
same time make them monotonous. As an illustrator, 
you must seek to develop in them sufHcient hue interest 
(as well es variety of value* ir tensity, and arrangement) 
to prevent monotony. 

One of the easiest means of obtaining interest in an 
analogous scheme is by placing emphasis on a dominant 
hue. There are various ways of making a particular hue 
dominant. You can give it a large area, a dark value 



(against a light background), a light value (against a 
darker background), or make it intense. 

You can also prevent an analogous scheme from 
becoming monotonous by introducing complementary 
accents. Sr ch accents, particularly if brilliant, generally 
have a power out of all proportion to their size. A single 
touch of color complementary to one hue— usually the 
dominant— can give surprising life to an otherwise dull 
analogous scheme. 

Complementary. Under this heading, sometimes 
known as harmonies of contrast, we can include any 
pleasing schemes which conspicuously introduce 
opposite colors. In fact, the majority of all color 
schemes are to an extent contrasting, the contrast 
usually being developed by means of complements. 
However, you should not base a color scheme on 
complementary colors in equal areas and full strength. 
A large red area and a small green area, f r instance, 
often seem harmonious because the dominant red gives 
unity to the combination. Likewise, a brilliant red can 
be employed successfully with a neutralized green, even 
though the areas are equal, for the red will dominate 
because of its superior intensity. 

Near and split complements. Complements which are 
only approximate, commonly called near complements, 
seem more pleasing than those that are true comple* 
ments. The term **near complements** is self- 
explanatory. Violet is the true complement of yellow, 
while blue-violet and red-violet are near complements. 
If we speak of these near complements in their relation 
of one to the other, we call them split complements, as 
they are split or separated by the true complement. 

Triad. If we base a color scheme on a color and its 
split complement:*, or on hues mixed from them, we can 
obtain a fairiy wide range of hues; but none of them will 
be brighter than the color itself and the two split 
complements in their full intensity. Sometimes, such a 
range proves too limited; so in place of these split 
complements, which are closely related to the comple- 
ment itself, we use other split complements, each a step 
further removed. In the 12-color wheel, for example, if 
we take yellow as a hue to dominate a color scheme and 
the split complements red-violet and blue-violet prove 
too dull to hold their own, we can substitute red and 
blue. In this case, we are using three colors equally 
spaced on the wheel. We call this a triad. 

Though mixtures obtained from triads can be very 
rich and beautiful, triads by no means guarantee color 
harmony. The red, yellow, and blue triad is mae up of 
our three primaries from which we know practically all 
colors can be mixed— discords as well as harmonies. To 
get effective results, therefore, you must use one of the 
three hues as the dominant one and mix a little of it with 
the other two. 

Exercises (210): 

1. What colors are considered warm, and what colors 
are considered cool? 



26 183 



2. Which type of color harmony is most likely to 
become monotonous? 



3. You can prevent an analogous color scheme from 

becoming monotonous by adding 

accents to your illustration. 



4. A complementary color scheme is based on 



S. A color scheme which is based on three equally 
separated colors is called a 



1*6. Color Mtdia 



In order to properly render a color illustration, a 
basic knowledge of color media is necessary. There are 
eight basic methods of rendering color: oil, acrylic, 
watercolor, tempera, pastel, pencil, crayon, and 
multimedia. 

Each medium has a different handling characteristic. 
An awareness of these characteristics is essential to 
properly handle these media. We will look at the 
characteristics of each of the media and see how they 
differ. 



211. Differentiate between the eight methods of 
rendering color. 

Olb. Oil colors are basically what the name implies. 
They consist of finely ground pigments suspended in an 
oil base. The paint comes in a tube and has the consist- 
ency of a thick paste. The pigments are manufactured 
from natural pigments, artificial oxides, and dyes on 
fillers. 

The surface used for oils is very important. The 
surface must have a consistent and rough texture to 
allow the paint to adhere to it. Therefore, canvas 
(cotton or linen) is the best surface. However, tempered 
masonite, prepared pasteboard panels, and oil painting 
paper may be used. All painting surfaces must be sized 
and primed before painting. 

The colors can be applied straight out of the tube 
(impaste) or they can be diluted with turpentine and 
linseed oil and used as a wash (glazing). Brushes and 
palette knifes are the most common method of applying 
the paint; however » anything your imagination dictates 
can be used. 

The versatility of oils is its major advantage. Its 
major disadvantage is the time it takes for oils to dry. 
Oils are very durable and suitable for murals, portraits. 



or presentations where permanence is a desired quality. 
SufHcient production time must be allowed for projects 
using oils as a medium. 

Acrylics. Acrylic colors are pigments that are 
uniformally dispersed in an aqueous polymer emulsion. 
The binding vehicle consists of droplets of synthetic 
plastic resin suspended in water. As the water 
evaporates, the droplets of resin combine to form a 
clear film giving an exceptional luminosity and 
brilliance to the colors. The tough and durable film is 
highly adhesive, water resistant, flexible, and 
permanent. 

Acrylics are unique in that they can be handled in the 
same manner as oils, or they may be diluted and used as 
watercolors. Because acrylics are water soluble, they 
need no special mediums (such as linseed oil or 
tiiipentine) to work with. The polymer resins also dry 
quickly. This is the major advantage and disadvantage 
of acrylics. You can complete a painting in less time, but 
you must know exactly what you are doing. The fast 
drying time makes acrylics less "forgiving" than oils. 

Watercolors. Watercolors, whether transparent or 
opaque, are made of pure, Hnely ground pigment mixed 
with a little gum to make them ahere to the paper. 
Transparent watercolors are mixed with water and 
spread over the paper in a wash. This allows the natural 
luminosity of the paper to show through the pigment. 
The more water that is used, the more transparent the 
color will be. 

Opaque watercolors include designers colors and 
gouache. The pigments are mixed with gum and a 
medium to enable them to completely cover the paper 
surface. The painting surface plays a very important 
role; good quality paper is a must for the use of water 
colors. The paper should be of a medium or heavy 
weight to keep buckling at a minimum, have a textured 
surface, and be aborbent. 

The techniques for handling watercolors are basically 
the same as those mentioned earlier for producing a 
transparent wash using ink. Dry brush and scratching 
techniques are also used extensively in combination with 
wash techniques. 

Tempera. Tempera is an opaque watercolor that is a 
heavier and stiffer medium than transparent watercolor. 
Tempera is often used for illustrating in flat tones. 
Although tempera is much harder to blend than trans- 
parent watercolors, it is much easier to apply in a flat 
tone. 

Pastels. Pastels are finely ground pure pigment and a 
small amount of adhesive that has been compressed into 
stick form. These powdery sticks of color are available 
in three grades: hard, semi-hard, and soft. Brilliant 
color, soft tones, and smooth blending are characteristic 
of pastels. 

Because pastels are pure particles of pigment with 
little adhesive, iUc suifacc ycn use it on should have 
enough texture to hold the pigm ;nt particles. A medium 
weight, rough surface paper is ideal for pastel work. 
The medium weight of the paper provides a solid, yet 
resilient drawing surface; and the tooth has a good 
pigment-holding capability. Pastel paper also comes in 
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assorted colors and tones to accent and compliment 
your work. 

The blending properties of pastel makes this medium 
ideal for a number of techniques. You can easily lay one 
color on top of another to achieve a transparent wash 
effect. The proper use of lines will strengthen the ex- 
pression of form. You can also rub one color into 
another to form delicate backgrounds for strongly 
marked direct strokes used in portraits, still lifes, and 
landscapes. 

Peodl. We have previously discussed the use and 
qualities of carbon, graphite, and lithographic pencils. 
They differ very litUe in use and technique from colored 
pencils. Colored pencils are made of compressed 
pigment encased in wood« They are inexpensive, 
portable, and very versatile. 

Transparency is the key to colorckl pencils. Since the 
pigment won't smudge or blend as easily as graphite 
pencils, the transparency of the colors is used to lay one 
color on top of another to achieve a series of composite 
hues and values. 

A good colored pencil looks thick-leaded, and the 
mark it make& on the paper is slightly waxy and soft. Its 
hue has a good buildup, it goes on the paper quickly, 
uniformly, and brilliantly. Colored pencils having hard, 
thin leads leave a weak mark, and are brittle, are poor 
choices for this medium. 

Techniques suitable for colored pencil are line and 
color, crosshatching, tone, tone and line, stippling, 
sgrafHto (scratching), bumishuig, and compressed line. 

Crayon. Crayons, as you remember from childhood, 
are sticks of colored wax. Those sticks of colored wax 
gave you your first experience in color media. The wax 
base used to hold the pigments makes the crayon 
difflcult to smudge and blend. Crayon is not generally 
suited for presentation graphics. 

Mixed-Medlfl. Simply stated, mixed-media is a 
combination of any two or more mediums. Mixed- 
media can be used to enhance a project where a single 



medium won't achieve the effect you desire. With 
practice, you can combine any and all of the color 
media to flt any requirement that you may have. 

Exercises (211): 

1. What is the major advantage of oil colors? 

2. What is the major disadvantage of oil colors? 

3. Why are acrylics unique? 

4. What qualities must good watercolor paper have? 

5. What is the difference between tempera and 
watercolor? 

6. What are the three grades of pastels? 

7. Why is transparency the key to working with 
colored pencils? 

8. List the properties of a good colored pencil. 

9. What is meant by the term "mixed-media"? 



m 
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CHAPTER 2 



Kuiaisn Form 



DRAWING THE HUMAN figure is probably the most 
rewarding achievement that an artist can experience- 
when it is done right. On the other hand, it can be one of 
the most exasperating chores ever undertaken by a 
human being. You may have concluded from these first 
two statements that drawing the human figure is 
extremely difficult— well, it is. Now, we are going to 
show you in this chapter that it can be made easier than 
you think by following a few simple procedures. 



2*1* Drawing th« Human Form 



In drawing any form, one must be willing to proceed 
one step at a time, nastering each step as you go. Each 
porUon of the drawing must be given some special 
consideration as it compares with the rest of the figure. 
If you wish to achieve even moderate success in the art 
fleld, t( ^ drawing of the human figure is a must because 
87 percent of all illustrations, posters, and drawings 
contain the human figure or some portion of the figure 
in them. 



212. Describe the method of measuring the human 
figure proportioiis. 



Figure Proportions. The human head is used as the 
basic unit of measurement for proportioning the entire 
human body. The vertical height of the head, from the 
chin to the top of the skull, is used for all vertical 
measurements (fig. 2-1). The width of the head is used 
to make all horizontal measurements. For example, the 
average human figure is 614 to 7 heads high, but the 
ideal height for any illustrated figure is 8 head units 
high, and 3 head widths wide. 

After the height of the figure has been decided, it 
should be divided into eight equal parts. This makes the 
figure slightly taller and slimmer than the aveage 
person. The rest of the body is then proportional as the 
figures in 2-2A and 2-2B. 

In figure 2-2A, the other seven heads are divided as 
follows: 

• One-third of a head for the neck. 

• Two and two-thirds heads for the torso (from the 
bottom of the neck to the crotch). 



• Two heads to the knee. 

• Two heads to the soles of the feet. 

The male figure is usually taller than the female with 
the same proportions. The average length of the male- 
head proportion is about 9 inches. The female-head 
proportions are between 8 and 814 inches from the chin 
to the top of the skull. 

These are average proportions for the figure standing 
in an upright position. Most of the time, you will find 
that the figure, or some parts of it are foreshortened as 
in figure 2-3. For the best result, when proportioning 
the figure, you must rely on your visual perception. 
Only the human eye can determine the amount of fore- 
shortening necessary, because it is a relative judgment. 

Foreshortening is a principle of perspective in which 
an object seems to change its size and shape because it 
changes its plane of projection. 

The Adult Figure. The structural differences between 
the male and female are more in the bones and muscle 
tissue than anywhere else. (See foldout 3, printed as a 
separate supplement to this volume.) The bones of the 
female are smaller and smoother thait the bones of the 
male. The female body appears much smoother and less 
muscular, although the female has the same muscle 
structure as the male. This appearance is caused by a 
heavier covering of fatty tissue over the entire body. 

Because of the narrower rib cage, shorter and more 
curved breastbone and a small straighter collar bone, 
the female's shoulders are not as broad as her male 
counterpart. The female also has a longer torso, shorter 
legs with a broader, shallow pelvis. Note the greater 
distance between the pelvis and rib cage of the female in 
figure 2-4. Also notice that the male's pelvis and rib 
cage are about the same width, whereas, the female^s 
pelvis and shoulders are about the same width. These 
differences ar; subtle in most cases, but to an 
illustrator-^these are differences that count. 



Proportion changes. Proportion changes as the body 
grows from birth tc adulthood. Look at figures 2-5A 
and 2-SB as we continue this discussion. At birth, a 
baby's head is quite large compared to the rest of his or 
her body. At the age of about 1 year, the body from the 
neck to the feet is about three and one-half times the 
length of the head. The center of the body at 1 year is 
across the stomach. 
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Figure 2-1. Human head. 



At the age of 8 years, the overall height of the body is 
approximately 6V4 heads. The arms and legs are some- 
what longer, the head is a little larger, and the center of 
the body has moved to the hips. 

At age 12, the overall figure is 7 heads high, and the 
centerline is now at the crotch. From this age on, the 
body broadens out, becomes taller, and assumes most 
of the characteristics of an adult. 



Exercises (212): 

1. What is the average ideal height of the human 
Hgure? 



2. Why does the female body appear smoother than 
the male? 



leg, hand and foot, and head and neck. Each of the 
components, in turn, may be considered to consist of 
the basic forms or combination of the basic forms. 



2*2. Constructing th« Human Figurt 



For the purpose of construction, the human flgure 
may be divided into Hve component parts: torso, arm, 



213» Name and describe the components of the tono. 



The Torso* You must study the torso from many 
angles to fully understand its function. The torso is 
made up of three masses: i^he chest, the abdomen, and 
the pelvis (fig. 2-6). The chest is made up of the rib cage, 
shoulder, and collar bones. The rib cage is a modified 
cone-shaped mass with the base below. The upper 
portion of the rib cage appears broader than it actually 
is, due to the shoulders and collar bones. This causes the 
shape of the rib cage to b? lost from view. The pelvis is 
the lower part of the torso that serves as a base for the 
other parts of the body. The chest and pelvis are fairiy 
stable masses. The epigastrium or the upper portion of 
the abdomen is a soft, fleshy, and quite movable part of 
the torso. The three central masses are connected by 
the spinal column. The only reason for the study of 
bones and muscles is that the artist has to understand 
the framework if he intends to build. (See foldout 4.) 
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Figure 2'5A. Proportion changes in the male figure. 
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Figure 2-SB. Proportion changes in the female figure. 
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Figure 2-8. Leg. 
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Exerdics (213): 

1 . What are the three masses of the torso? 

2. What is the shape of the rib cage? 



214. Specify how the function of the arms and legs 
nffcct Iheir shape. 





Figure 2-9. Eyes. 




231-481 



The Arras* The arm is based in the shoulder girdle. It 
has one bone in the upper arm (the humerus) and two in 
the lower arm (the ulna and the radius). The upper and 
lower arms are modified cylinders of approximately 
equal lengths as in figure 2-7. The mass of the shoulder 
descends as a wedge, sinking into the flattened outer 
arm halfway down. From the front, the arm wedges 
downward and enters the forearm just below the 
elbows. When the thumb is turned away from the body, 
the mass of the forearm is oval in shape, becoming 
round when the thumb is toward the body because the 
bones of the forearm cross. From the back, the mass of 
the shoulder enters the arm on the side; at the elbow, the 
arm and forearm arc as a hinge joint. (Sec foldout 5.) 

The Let« 'The lo^^^ limbs— the thigh and the 
leg— correspond to the arm and the forearm of the 
upper limb. The Ihigh extends from the pelvis to the 
knee, and the leg from the knee to the foot. The longest 
and strongest bone of the body is the femur or thigh 
bone (fig. 2-8). The column of the thigh and leg 
diminish in thickness as it descends to the ankle. From 
any view, it also has a reverse curve that extends its 
entire length. From either side, a wedge shape overlaps 
the rounded form of the thigh and this again overiaps 
the square form above and below the knee joint. The leg 
and the calf are triangular in shape and the ankle is a 
square. The femur (thigh bone) is balanced by the 
muscles that pass up the shaft of the thigh bone to the 
pelvis. The human body is provided with a system of 
levers and pulleys that cannot be matched by any 
machine for mobility and response. (See foldout 6.) 



Exercises (214): 

1. When the thumb is turned away from the body, 
what is the shape of the forearm? 



2. What is the longest and strongest bone in the body? 



215. Describe the parts of the human head» and 
characterize how they are artistically related. 

The Head* The head, like other parts of the body, is 
considered along with the neck as a unit. The division of 
the body is somewhat arbitrary because the neck is also 
considered part of the trunk or torso. Making arbitrary 
divisions is useless because no one part can logically be 
considered independent of its adjacent parts. 

When drawing the head, a step-by-step 
demonstration gives you the fundamental method for 
blocking in and locating the features. The egg-like shape 
with some simple measurements to find the location of 
the features of the head will give you the basic 
foundation of knowledge for drawing heads in any 
position (foldout 7). 

The Eye. The eyes are the most expressive and the 
most delicate features of the face and are well protected 
by nature. The eye is set deep in a bony recess in the 
face— the eye socket (fig. 2-9). The eye is protected by 
the frontal bone of the forehead from above and the 
cheekbone below. The inner side of the nose affords a 
great deal of protection to the eye, because of the 
protrusion of the nose itself. The eyeball is round in 
shape, with three parts exposed when the eye is open. 
One is a small dark center called the pupil, through 
which we see. Surrounding the pupil is a colored area 
called the iris, and around all of this is the white of the 
eye. 

The two lids that are the outer covering for the eye 
are fringed with lashes that serve as shades and sensitive 
feelers to protect the eye. Notice that the inner and outer 
corners of the eye are different. The upper Ud overlaps 
the lower Ud at the outer corners. The exposed part of 
the eye is always moist. The moisture reflects Ught and 
causes a distinct highlight. The location of this highlight 
depends on the direction of the Ught. It is a very 
important factor in making your drawing appear 
UfeUke. 

The Nose* As shown in figure 2-10» the nose is 
narrow at the upper end and wide;* at its base. The upper 
part consists of bone and reaches halfway down. The 
lower part is cartilage. The wide, lower end of the nose 
is composed of two sides» the front and under surface. 
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2. Which feature of the face is located in the vertical 
center of the head? 



3. Which two parts of the head are about the same 
length? 





Figure 2-12. Ear. 



The front plane leaves the root of the nose in a well- 
rounded form and widens as it forms the flattened 
bridge. The plane narrows as it descends, and again 
becomes round as it wedges between the bulbs forming 
the tip. This front surface continues down and under, 
and forms the small separation between the nostrils. 
The nostrils arc inclosed by the wings, which form the 
lower sides of the nose. The wings also form the 
triangular shape that you can see when the head is tilted 
back. These wings and the end of the nose curl up into 
the nostrils in a rounded surface. 

The Mouth. The mouth, like the eyes, is capable of 
much expression and movement. Of course, its shape 
depends to a large extent on the shape of the teeth; the 
rounder the teeth, the rounder the mouth. As you can 
see in figure 2-11, the upper lip is thickest in the center 
and thins with a downward curve to corners which are 
depressed. The forms in the upper lip are comparatively 
flat and angular; those of the lower lip are convex and 
rounded. 

When the lips are seen in profile, their thickness, 
projection, and connection with the face are apparent. 
The upper lip projects beyond the lower lip which, in 
turn, projects beyond the chin. Consider the convex 
shape of the lips at the outer ends with extreme care 
when you draw the lips. 

The Ears. The ears are formed of cartilage and have 
complex shapes, as shown in figure 2-12. Therefore, a 
good drawing of the ears can be made only after careful 
study. The length of the ears is the same as the nose and 
is about twice as much as the width. Notice that they 
slant downward and inward when viewed from the 
front, thus paralleling the sloping planes of the sides of 
the head. Notice how the contour of the inside edge of 
the ear spirals down into the depression above the canal. 
Other distinguishing features are the triangular form 
directly in front of the canal and the U-shaped space 
leading to the canal. 



Exercises (215): 

1 . What part of the body is considered to be the most 
expressive? 



216. Specify how the functions of the hands and feet 
affect their shape. 



The Hands. Other than the face, the hands are the 
most expressive parts of the human body. Therefore, 
give them careful attention when you draw them. You 
should be able to make excellent drawings of hands, 
using your own as models. Since there is very little flesh 
on the hand excep; on the palm side, you need to have a 
good knowledge of the bone structure to draw it well. 
Figure 2-13 shows the bone structure. Notice the 
proportions between the length of the individual bones. 
Notice also how bones of the fingers and of the thumb 
connect together; how the bones of the fingers connect 
to the bones of the hand; and how these bones and the 
bone of the thumb connect to bones in the wrist. 

Observe in figure 2-13 that the palm without the 
fingers is nearly square, and that the fingers are about as 
long as the palm. When the fingers are extended, the 
hand is about three-quarters as long as the forearm, or 
is equal to the distance from the chin to the hairline. In 
drawing hands, be sure to draw them large enough. 

Figures 2-14 and 2-lS show another important detail 
of hands. Notice in figure 2-14 that when the fingers are 
held closely together, as they are when lifting a heavy 
desk, the force is exerted in a straight line through the 
hand to the wrist. Thus, there is no tendency for the 
bones to twist as the lingers exert force. Notice in figure 
2-14 that the lines of action shift toward the base of the 
thumb when the fingers and thumb are formed into a 
fist or used in any gripping action. 

One of the important details in drawing hands is the 
placement of the folds (see fig. 2-15). Observe that the 
two folds of the finger come directly at the joints, and 
that there are two folds when the finger joins the hand. 
The first of these folds comes between the fleshy part of 
the finger and the palm; the other is created as the palm 
bends. 

Figure 2-15 shows the back and palm side of the 
hand. Notice that the form of the back of the hand is 
basically convex, and that the form of the palm side of 
the hand is concave. 

The Feet. The feet have about the same number of 
bones as the hands. However, the proportions are 
different, as you can see in figures 2-16 and 2-17. The 
feet are as long as one-half the distance from the knees 
to the bottom of the feet. Notice that the outside 
anklebone is slightly lower than the inside anklebone. 
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The high part of the foot is at the inside between the 
ankle and the big toe. As you can see, the foot slopes 
toward the toes ana toward the outside edge. 

The foot has very little movement. Most of its action 
is accomplished through the movement of the 
anklebones and between the joints of the toes and the 
foot. 



Exercises (216): 

1. Other than the face, what is the most expressive 
part of the body? 



2. The important details that you should remember 
about the hands are: 

a. Thebasic shape ofthe palm is 

b. The length of the Angers is approximately the 
same as the 

c. The length of the outsUetched hand is equal to 

about three-quarters of the or 

the distance between the chin and the 



d. The action of the Angers when outstretched is in 
line with the . 

e. When the Angers are in a gripping action, the 
line of action shifts from the wrist to the base of 
the . 

f« The form of the palm side of the hand is 

basically , and the back of 

the hand is basically 



2*3. Contour and Q«stur» Drawing 



Now that you have the basic knowledge of 
proportion and the function of the human body, you 
are ready to learn how to draw the human body. 
Function and proportion, however, are not enough to 
adequately draw lifelike Agures* You must also know 
about the contour and gesture of the Agure. The 
following paragraphs and exercises will explain why 
contour and gesture drawings are necessary and how 
they are accomplished. 



217» State the need ror contotir and gesture drawiag* 



A contour study is made by concentrating on the 
contour of the model or subject and drawing without 
looking at your paper. Sit closely to your model and 
focus your eyes on one speciAc point. Place your pencil 
on the paper (since this will be the only time that you 
will look at your paper, place your pencil in a large 
enough area to allow you to draw without moving off 
the edge of the paper). Without taking your eyes off the 
subject, wait until you are convinced that your pencil is 
touching the subject at the point where your eyes are 
focused. To start drawing, move your eyes slowly along 
the contour of the model. Follow the movement of your 
eyes with the pencil. Contour studies are slow work, so 
don't hurry. 

The object of these exercises is to "feel" all the 
contours as your draw them (see Ag. 2-18). 

Don't worry about achieving a likeness; this will 
follow as you progress. These exercises are meant to 
help you develop your powers of observation. Practice 
is a must, so spend at least half an hour each day doing 
contour drawings. You will And that two IS-minute 
studies a day will be of tremendous help to your 
achievement in mastering the contour drawing. 

Gesture. In contour drawing you study the structure 
of your subjects, but this alone is not enough. You also 
must study the action or expression of the subject. This 
study is called gesture drawing. 

Gesture drawings record the action of the subject. 
These drawings dont necessarily look like the subject, 
but they record the performed action or expression of 
the subject. Gesture drawings are drawn quickly. As the 
model or subject assumes an action pose, place your 
pencil on the paper and, without looking at the paper, 
let your pendl wander quickly around the paper and 
record the action of your subject. See Agure 2-19. Your 
eyes should see the whole subject and you should draw 
the whole subject at one time. You should not spend 
more than Ave minutes on any one gesture drawing. 

For gesture drawings to be of any beneAt to you adn 
your ability to draw, you must practice constantly. A 
few minutes spent doing gestures will loosen you up and 
hdp awaken your senses. Plan to spend about thirty 
minutes a day practidng gesture drawing. 

Exercises (217): 

1. Contour studies help you develop what ability? 



2. When drawing a contour study, you must be 
convinced of what aspect before you start? 



CoBtonr* In order to draw correctly, you must Arst 
be able to see correctly. Seeing an object is not enough; 
you must be able t6 ''feel** the physical qualities of the 
subject. The ability to feel with your eyes does not come 
naturally. To develop this ability, you need to develop 
your powers of observation by making contour studies 
of your subjects. 



3. What are gesture drawings used for? 



4. How should you see and draw a gesture drawing? 
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Figure 2-18. Contoui drswing. 
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Figure 2*19. Gesture drawing. 

24. Fort thortmlngt Shidows» and Rtflactlons 

There are three illusory effects in nature that the 
illustrator needs to be aware of to produce realistic and 



lifelike drawings. The three effects are foreshortening, 
placement of shadows, and reflections. Inept use of 
these effects can ruin a drawing. We will take a look at 
the fundamentals that govern the use of foreshortening, 
placement of shadows, and reflections. 



218. Define foreshortening; and state the main consider- 
ation (in each case) when placing flgures, drawing 
reflections, and drawing shadows. 



Foreshortening. When working with compound 
forms, a graphics specialist must be conscious of an 
illusory effect called foreshortening. When an irregular 
(free) form appears to go toward or recede from the 
viewer, it is foreshortened. If in the irregular or "free" 
forms there are many curves, such as in the human 
figure, foreshortening is very difficult to create. A great 
deal of practice in drawing the human figure in a variety 
of different positions will give you experience in fore- 
shortening. Also, the principles of measurement that 
apply to geometric forms can be used to great advantage 
in foreshortening the human figure. In figure 2-20, these 
principles have been applied in determining how much 
or how little is seen of the human figure, sitting on the 
floor with parts of the body toward the viewer. Notice 
particularly the lettered areas; the owercase letters 
designate foreshortening. In some unusual views, it is 
helpful to draw the figure in a cube or rectangular form 
that will quickly determine if and where a part of the 
human anatomy can be seen and in what approximate 
shape. Perspective can be the cure for many problems 
you may run into while drawing all types of forms. 
Remember to give careful consideration to the location 
of the station point so that distortion is minimized. 

Placement of human figure. As with foreshortening, 
the correct placement of the figure in a perspective 
drawing is difficult, but important. The viewer of any 
picture automatically rdates the proportions, scale, and 
size of all forms to the figure in the picture. Too, the 
viewer assumes that all adult persons are approximately 
the same height— somewhere between 5 feet and 7 feet. 

Proper use of the vanishing point is the main con- 
sideration in correctly placing the figure. Use the 
vertical distance between the receding guidelines to the 
vanishing point to establish the height of any figure 
anywhere in the picture (as in fig. 2-21). To place the 
figure to the left or to the right of these guidelines, 
extend horizontal lines from the head and feet off the 
vanishing point lines as shown in figure 2-21. Once the 
height is determined for one figure, the others are 
automatically taken from the intersection of the two 
horizontal lines and the receding lines going to the 
vanishing point. 

Reflections. Another aspect related to compound 
forms is reflection. An object reflects as far below a 
reflecting f .:r face line as it projects above the reflecting 
surface. IHe reflection is not a meer reversal of the 
scene being reflected. Although the eye level remains 
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Figure 2-20. Foreshortening. 




Figure 2-21. Background figure placement. 



constant* the view is a reflected one. When the eye is 
above an object* you are looking down at the object; 
and since the object is reversed in a reflection, the 
proportions remain the same; but you are now looking 
up at the object. See flgure 2-22. When the object being 
reflected is close to the eye level, the reflection is nearly 
a duplicate in reverse, but not so when the object is well 
below the level of the eye. Eye level is the main 
consideration. 

Shadows. Light travels only in straight lines. From an 
established light source, lines are drawn to touch the 
corners of the form and are continued until these lines 
touch the surface of the plane on which the object rests. 
All shadows recede to the same vanishing point when 
there is a single source of light. The shadow's vanishing 
point will fall on the hoizon line directly below the 
source of light. Shadows follow the contour of the plane 
upon which they fall, as shown in figure 2-23. The main 
consideration when drawing shadows is light source. 
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Exerciics (218): b. Drawing reflections? 

K What is foreshortening? 

c. Drawing shadows? 

2. What is the main consideration when: 
a. Placing figures? 





C'Ound shadow, looking away from light. 



TO SOURCE 




Cntund shadow, InokinQ towaxl light. 



Figure 2*23. Shadows. 





CHAPTER 3 



Cartoons and Caricatures 



THE ABILITY TO cartoon and draw caricatures is a 
specialized field for most commercial artists. To become 
a good cartoonist, every student should begin his studies 
with a reasonable amount of self-confldence. Since the 
same knowledges that apply to figure drawing apply as 
well to cartooning and caricatures, a good artist may 
find that all he lacks to become a cartoonist is self- 
confidence. 



3-1. Cirtoon Dofinltlon 



The popular definition of a cartoon is a humorous 
drawing but there are no formal boundaries to the style 
of drawing called cartoons. Cartoons range from 
realistic illustrations to totally abstract design. All of the 
basic aspects of cartooning and car* tures can be sum- 
med up in one basic principle— be..avability. Cartoons 
are simplified exaggerated forms that show expressions. 



219. Specify how expressions and exaggerations are 
used to effect a cartoon. 



Expressions and Exaggerations. Expression is action. 
For example, all jumping figures have both feet off the 
ground, but all walking figures have both feet touching 
the ground. You make visual studies of real people and 
convert their movement and expressions into humorous 
drawings. A cartoon differs from the more<erious-type 
drawing in that it is usually drawn with a much looser 
treatment. That is» you concentrate on the action and 
attitude of the figure more than you do on the fine 
detail. Then» too* cartoons are usually simple line 
drawings^ requiring substantially Jess variation in 
mediums than used in other types of art work. 

¥wM E):prt8sloBs. In cartooning^ the features of the 
face are usually drawn as simple* geometric shapes. As 
you can see in figure 3-l» the eyes can be drawn as 
circles* ellipses* dots* or lines. Humorous effects in the 
face are produced by exaggerating or distorting the 
average measurements and relative proportions within 
facial features. When the caricature of a person*s face is 
being drawn* all the irregular characteristics should be 
observed and exaggerated. 
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Figure 3-1. Cartoon eyes. 



The one set of rules generally accepted by all 
cartoonists is that facial expressions are produced by the 
movement or lack of movement of the eys» mouth* 
nose» and forehead. Figure 3-2 shows some examples of 
emotional expressions produced simply by changing the 
shape or position of those facial parts. 

When the face assumes a happy expression, the parts 
of the face are lifted. The comers of the mouth are 
pulled up and out. The cheek muscles are bunched by 
this action so that the lower lid of the eye is pushed up 
and almost closed. 
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Figure 3-2. Facial expressions. 



An unhappy face is just the opposite, the corners of 
the mouth are dropped, the eye and eyebrows are 
lowered, and the forehead wrinkled, whereas, determin- 
ation is expressed by the lowering of the brow and the 
jutting out of the lower lip and chin. Other emotions 
such as anger, surprise, horror, smugness, and scorn 
can be expressed by similar facial movements. Along 
with the facia! expressions, body movements should fit 
the emotional appearance of the face. 

Exaggeration* Exaggeration is the one exception in 
cartooning where the cartoonist must use a little 
discretion. Although the rules of expression and 
exaggeration are generally accepted, exaggeration can 
be cruel. So let it be reemphasized that as a cartoonist, 
you are bound by no rule except that of GOOD TASTE. 



Exercises (219): 

1. What is a cartoon? 



2. Expression is created by both the 
and the 



3*2* Captions 

Ordinarily, there are two types of cartoons. Those 
that are pantomime— all action and telling the story in 
picture—and the captions or punchline type. In many 
instances, it is the punchline, gag, or joke that inspires 
the cartoonist to draw. Keep punchlines as short as 
possible and let the action of the drawing do the work. 



220* State the procedures for creating cartoon 
characters and caricatures. 

Character Creation. The number of different 
characters a cartoonist can draw is limited only by his 
imagination. Because the face controls the mood and 
emotional expression, it is important part of a 
cartoon character. The head can be any basic shape, and 
this shape can be used to create many other characters. 
Characters are created by adding or making changes in 
the facial structure as shown in figure 3-3. As shown in 
figure 3-4, one character can be many different 
characters by making very minor changes. When a 
cartoon character is required, one should consider the 
end use. 



When cartooning, you may not always be called upon 
to cartoon or caricaturize the human being. Some jobs 
call for animals, aircraft, ships, pieces of machinery, 
vehicles, or any inanimate object with human character- 
istics. Figures 3-S and 3-6 are examples of this type of 
cartoon. 






Figure 3-6. Machinery with human characteristics. 



When creating a cartoon character, it is best to use 
the physical features and dress that have become 
popularly identiHed with certain types of people and 
with people from certain areas. These symbolic features 
have been associated with certain types of people for so 
long that the public instinctively relates a certain 
appearance to a particular type of person; for example, 
the hillbilly right of the hills^ His symbolic attire is a 
torn, checkered flannel shirt, bib-type overall with 
patches, a rumpled wide-brimmed hat; he is also usually 
in need of a haircut and shave. He is often shoeless and 
carries a long-barreled squirrel gun. 

You should, when possible, use the established public 
impression that is readily accepted for a particular type 
of person. There is a symbolic type for nearly every type 
and for every geographical area in existence, including 
foreign nations. The list is unending; and the following 
illustrations show but a few of the long, long list of 
possibilities. 
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You must experiment in cartooning just as in all 
phases of illustrating in order to Hnd just the right 
design, the right nose or mouth, type of eyes or 
hairstyle, to Ht the character so that he will blend into 
the situation properly. You will Hnd that cartooning is 
more than mere doodling; it takes practice, experimen- 
tation, more practice, and a Hrm determination to 
become a good cartoonist. The cartoons shown in this 
chapter are the writer's creations---his style of drawing. 
Although it is proper for you to copy them for practice, 
it is essential for you to develop your own style of 
cartooning before you can consider yourself a 
cartoonist of any caliber. Remember, it is your style; 
develop it to Ht your abilities and needs. 

Remember, it has already been said that not 
everybody will like your cartoons. What will fracture 
one group's funny bone may bring screams of protest 
from another. Solution: always know your audience. 
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Figure 3-7, B« of Scabccs. 



The different people of the world have many 
different characteristics and costumes and it is most 
intersting to work up several different interpretations of 
each of them» as you have been shown by a few 
examples. 

When you are drawing a cartoon depicting a certain 
nationality. race» or period of history* it is extremely 
important to use the correct costume on the character. 
This aids in his identiOcation and correctness, and when 
done well» adds to the humor of the character. In any 
cartoon, not only must the costume be correct for the 
character, but any supporting characters, and the stage 
or background if there is one» all must be in place with 
the main theme. The pattern must be consistent with all 
particulars related. In cartcons» the background is 
usually greatly simpliHed and reduced to just those 
elements essential to clarify the picture. In some 
cartoons, there is no background at all; other times, the 
background may be highly detailed. This again is 
usually a choice of the cartoonist. The use of 
background is usually determined by the style of the 
cartoonist. Most frequently, a cartoonist will use no 
more background than is needed to identify his 
character to a specific area or location. 

You can also use cartoons effectively to make good- 
natured fun of someone or some group. This points out 
again that taking any situation, person, or group, you 
can create an effective cartoon out of it. For example, 
figure 3-7 is a cartoon prepared by a DM, who is not an 
ex-Seabee, for the benefit of the many DMs are ex- 
Seabees. 



Caricatures. Drawing caricatures is very much like 
having the subject stand in front of a bent minor found 
in carnivals and penny arcades. The mirror distorts and 
exaggerates the featues, but does not add or subtract 
anything not already existing about the subject. The 
cartoonist does the same thing. The predominant 
features are exaggerated or distorted, but you must be 
careful not to get away from the character. 

Don't offend; exaggerate, but be reasonable. When 
possible, incorporate a hobby or anything identified 
with the subject. '*Local color" always helps for a truer 
characteristic. 

Capture at least one outstanding feature— a typical 
expression or mannerism. Put that down (slightly 
distorted) and draw around it. Once the head is drawn, 
the body can be drawn in. A good proportion for 
caricature is two-thirds head, and one-third body. The 
only possible way to learn to do caricatures is to 
practice. Strive for a likeness, then add small distortions 
to add humor. 



Exercises (22G): 

1. How many different characters can be drawn from 
one head shape? 
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CHAPTER 4 



Composition and Layout 



LAYOUT AND composition denote the selection and 
arrangement of appropriate elements within a picture so 
as to express the illustrator's idea clearly and effectively. 
The success of a picture depends on how well these 
elements are put together* 



4*1* CompotHlon 



Composition, in a sense, is combining basic form and 
space— arranging the elements of the picture to produce 
a harmonious whole. In composing a picture, we arc 
chiefly interested in what the finished product has to 
say. Regardless of the subject of your picture, the 
questions that you should ask yourself are: "What is or 
what isn't import to the picture, and what is the basic 
idea that you want to get across?" 

Good illustrations don't just happen. They are the 
result of careful planning. 



Name and deflne the main elements of composition. 

Elements of Composition. Composition is divided 
into four basic elements— area, depth, line, and value. 

Area. Picture area is simply the borders in which you 
draw or paint your picture. To use this area most 
effectively, you must weigh carefully where you place 
the objects within the picture area and what size to make 
them. This is one of the primary reasons for a 
thumbnail sketch. It enables you to move a crade 
drawing around within the borders of a confined area 
for better planning • After each of these sketches is 
completed, ask yourself: "Does this create the effect I 
had in mind?*' (Study foldouts 8, 9, 10, 11, and 12 of 
your supplement.) 

The size we give to the objects of a composition and 
where they arc placed control their importance in the 
illustration. Size should never be chosen without regard 
to the effect it will have on the final product. It is just as 
important as the action or the pose. 
. Depth. Depths the second dimension of a drawing, is 
the creation of an illusion on a two-dimensional surface. 
The illusion created is distance. Overlapping cropping, 
and making objects appear smaller with less detail are 
useful devices in creating a convincing sense of reality. 



The illusion of distance is not enough to give an 
illustration the sense of reality— it must be done in an 
intersting way. Don't ever be satisfied with the same 
basic arrangements; there are always new possibilities 
worth considering. Think, experiement, and try to make 
different and interesting uses of the varied shapes and 
objects in your picture. 

Line. The term "line," as it is generally used in the 
preparation of art work, is the outline of a shape. As it 
applies to composition, "line" means the direction in 
which the eye moves to focus on a point of interst when 
looking at an illustration. Direction lines are created by 
the arrangement of the objects in the illustration so that 
the shape or the main lines lead the eye unconsciously to 
the center of interest. Controlling the movement of the 
viewer's eye within the picture is a very important 
function in picture construction. Line can be a strong or 
a subtle force in picture construction, but it should 
always lead the viewer to the center of interest. 

Value. The fourth element of composition is value, 
the lightness or darkness of a picture. Value creates the 
mood or gives the overall key to a picture. In fact, light 
shades arc frequently called high-key values and dark 
shades low-key values. For examples, a picture of 
children playing at a picnic is a gay and happy scene and 
should be fairly high-keyed, whereas, when portraying a 
fisherman on a lonely stretch of beach in the rain, the 
weather has set the mood. Line value is used to lead the 
viewer's eye to the point of greatest contrast. We can 
and do use this principle to focus attention. 



Exercises (221): 

1. What are the four elements of composition? 



2. Which of the four creates a sense of reality? 



4*2* Princlpltt of Composition 

The limitation of our nervous system defines not only 
the number and extension of the individual optical units 
which can be perceived as a whole, but also defines the 
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lifespan of the visual experience. We cannot look at a 
static picture long without losing interest. However, an 
illustration based on sound principles will hold the 
observer's interest for a longer period of time. These are 
the principles of balance, proportion, rhythm, 
movement, unity, clarity, and simplicity. Let us study 
these principles. 

222. Name and describe each of the seven principles of 
composition. 

Balance. One of the most important principles of 
composition is known as balance. We are not used to 
seeing objects which appear to be toppling over. The 
leaning Tower of Pisa attracts our attention and 
interests us because it is precariously balanced. 
However, if or when the tower loses this balance, its 
attraction will cease to exist. An illustration or layout 
must also be balanced if it is to attract attention and 
maintain interest. Tins balance can take two forms, 
symmetric and asymmetric; or, as they are more 
commonly called, formal and informal. 

Formal balance. Formal balance is obtained by 
placing each visual element squarely on an imaginary 
vertical centerline, or by duplicating each mass, shape, 
or line that appears on one side of this vertical in a 
corresponding position on the other side. The result is 
considered perfect symmetry. An example of formal 
balance is shown on the left side of figure 4-L 

Formal balance is conunonly used in layouts, illustra- 
tions, and posters where the subject matter calls for 
reserve and dignity. However, since this type of balance 
produces a static composition without movement, it 
cannot hold the interest of the observer for very long. 
Therefore, an illustration, layout, or poster with formal 
balance must be simple so that the observer can under- 
stand it before he loses interest. 




231-461 



.382 



.618 












X 











231-462 



Figure 4-1. Balance. 



Figure 4-2. Proportion. 



Informal balance. Notice how much more interesting 
the area of the rectangle is when divided as shown in the 
right side of tigure 4-1. This is an example of informal 
balance. As you can see, a much greater variety of 
shapes and design can be used with this type of balance. 
However, the problem, of balance is much more 
complex. The left side of the rectangular area must 
balance the right side, and the top half must balance the 
bottom half. 

A large heavy mass placed on one side of the center 
may be balanced by a small one placed farther from the 
center on the opposite side. In the example shown, the 
heavier lines on the left are balanced bv the large, light 
areas on the right. This type of balance is dynamic, the 
composition is alive, and there is movement caused by 
the interactions of the various shapes and lines. 

When usir^T informal balance, you must depend to a 
great extent on your own sense of balance, since no 
mathematical lules apply. The more elements you use, 
the more involved balance becomes. 

Proportiott. Another principle used to maintain 
interest and m^^ke a composition attractive is 
proportion. This aous variety to your picture. When a 
speaker talks in a monotone, you soon lose interest in 
his speech. When someone strikes the same note on a 
piano over and over again, you soon lose inierest in its 
tone. This same effect can be found in drawings and 
illustrations. To prevent this from happening in your art 
work, you must divide the elements and the area of your 
illustration into varying sizes, ratios, or proportions. 
For exam ple, look at the lines shown in the top portion 
of figure 4-2. 

If we divide a line as shown on the top right, we do 
not actually get division. Instead, we merely chop off 
part of the line, and the small portion becomes insigni- 
Hcant and is lost. If we divide the line in half, we have a 
static division and a conflict of interest. We do not 
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Figure 4*3. Rhythm. 



know which half to look at and therefore cannot 
become intersted in either* 

If we divide the line into thirds, we get a better 
division because the parts are repeated* This creates 
rhythm which is deHnitely more interesting. 

When we divide the line between the one-half division 
and the one-third division, we get another division of 
equality* However, it is an equality of proportion. That 
is, the ratio of the smaller part to the larger part is equal 
to the ratio of the larger part to the whole line. This is 
known as the Golden Division of a line and is very 
important in composition. 

As you can see in the lower half of Hgure 4-2, if the 
Golden Division rule is applied to an area such as a 
picture surface, interesting and related areas are 
created* The intersection of the two dividing lines locate 
an extremely strong point on the picture surface* For 
this reason, the center of interest in an ilustration or 
other form of art work should be located at or near this 
point on the picture surface* 

If we divide the area of the picture plane by the 
Golden Division rule from both sidss, top and bottom, 
we divide the area as shown in the diagram on the right 
side of flgure 4-2* We now have four strong points at 
which we can place our center of interest. 

If we draw lines between any of the points of the 
Golden Division, these lines form strong lines of 
construction for any composition. For example, if you 





Figure 4-5. Movement. 



are drawing a mountain* you should place the edge of 
the mountain on one of these strong lines of division. 

Rhythm* We have mentioned before that interest can 
be maintained by rhythm. As you know, in music the 
beat or rhythm is an essential part of the tune. Rhythm 
in illustrating is just as important. We can obtain 
rhythm in two ways: by repetition and by progression. 

Repetition. Rhythm can be obtained through regular- 
ly alternating or orderly repeating shapes, positions, 
lengths, angles, curves, direction, and intervals. A sim- 
ple example of repetition is shown at the top half of 
figure 4-3. 

Progression. Rhythm may also be obtained by 
slightly varying in the shape, value, size, and other 
factors* For example, in the bottom half of figure 4-3, a 
progression of lines is achieved by lengthening a line 
each time it is repeated. Revolving a circle also creates 
progression. In one position the circle appears as a line, 
next as a thin ellipse, then a thicker ellipse, and finally, a 
circle* Progression can be obtained in value as well as 
size and shape, zs shown by the bottom elements. These 
elements also show progression of shape from a square 
into rectangles of different shapes* 

Movement* Figure 4-4 shows the use of all of the 
principles of composition that we have discussed thus 
far. It uses balance, proportion, and rhythm. Inere is 
also present another important factor of composition- 
movement. This factor is perhaps the most important. 



As long as you can keep the eyes of the observer moving 
about the picture, you will hold his or her interest* 
These movements about our illustration are pointed out 
by figure 4-5* Notice that the movement is generally 
clockwise in direction. The eyes of the observer should 
be guided up the left side of a picture across the top, 
then down the right side and across the bottom. There 
may be intermediate paths of movement throughout the 
picture. All movement, however, should lead to the 
center of interest. You want to keep the observer 
interested until you can lead him to the point you want 
to show him most. 

Unity, Clarity, and Simplicity. These three principles 
of illustrating are closely related. Combining elements 
into a unified whole is an important principle of 
composition. A composition without unity appears to 
fall apart and produces a disturbing effect* 

Clarity is another principle you should follow in 
illustrating* Guard against blending elements to the 
extent of making them confusing to the observer* 
Clarity can be achieved by using legible lettering, tones 
which are not too close in value, and sharp clear lines. 

The object of a layout or illustration is to command 
attention* Usually, the simpler a production is, the 
easier it is to get the observer to stop and look at it. 

Since many I'kments have a tendency to divide the 
observer's attention, it stands to reason that the fewer 
elements you use, the easier it will be to make him 
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concentrate on the few things you want him to notice. 
Therefore, omit all items that can be eliminated without 
impairing the purpose of your art work. 



Exercises (222): 

1 . What are the principles of composition? 



2. Why is the principle of balance important in the 
composition of an illustration? 



3. The principle of unity is closely related to the 
principles of and 



4*3. Ltyout 



We stated in the previous section that good illustra- 
tions are the result of careful planning. This planning 
also includes sketching many basic ideas. Sketching 
your ideas allows you to see how well you arc applying 
the basic rules of composition. It also allows you to see 
which combination of composition elements best 
portrays your ideas. 

This series of sketches, which includes thumbnail 
sketches, roughs and comprehensives, is known as the 
layout process. We will look at the steps used in layout 
and explain the importance of each step. 



223. State the purpose and function of a thumbnail 
sketch. 



Thumbnail Sketches. Thumbnail sketches are small, 
quickly drawn illustrations used to formulate and work 
out the design of ides (fig. 4-6). They arc called thumb- 
nails because of their size, and are usually 1 to 3 inches 
square. Thumbnails are used primarily to work out 
general layout details, such as arrangement or 
composition, balance, movement, continuity, and other 
factors of design. 

The first thumbnail shown in figure 4-7 is very much 
like the primary or preliminary sketch shown in figure 
4-6. The results arc not satisfactory because the com- 
position is too static and uninteresting. Therefore, we 
try another. The composition or design of the second 
thumbnail is much less static than the first. Your eyes 
move throughout the design, first across the dark area 
representing lettering at the top of the thumbnail, down 
across the airplane, and across the dark area 
representing lettering across the bottom of the sketch. 
Still, the layout is rather old fashioned. The remaining 
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Figure 4-6. Preliminary sketch. 



four thumbnails show more interesting designs for our 
layout. Any one of these ideas might be used as our 
model. Notice that the last three sketches are quite 
similar and show how we can change the design slightly 
in searching for the best means of presenting our idea. 
This brings us to the next step in layout and composition 
development— the rough skx :ch. 



Exercises (223): 

1 . What is a thumbnail? 



2. How is a thumbnail used? 



224. Compare a thumbnail sketch and a rough sketch. 



Roughs. After selecting one or two of the most 
promising thumbnail sketches, the usual procedure is to 
draw a more detailed sketch called a rough. Although a 
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Figure 4-7. Tbombnidls 
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when indicating colored or reverse lettering on a pastel 
background. Smooth white bond paper, either opaque 
or smitnuuparent, and tracing paper are satisfactory 
for rough layouts. Refer to foldout 3 (printed as a 
separate supplement to this volume). 



Exercbes (224): 

1. What is the difference between a thumbnail and a 
rough? 



2. Why is a rough necessary? 



Figure 4-S. Roughs. 



225. State the parpoge and function of s comprehengive. 



Comprchengives. If you have done a good job on 
your rough, it will probably be adequate to use as a 
guide for the finished art work. However, there are 
times when the person for whom the art work is being 
done would like to know exactly what the finished 
product will look like before getting the same. To satisfy 
him, you must draw a comprehensive layout. 



good thumbnail can sometimes be used as a satisfactory 
model from which you can draw the finished art work, 
usually you need a more detailed drawing. The rough 
permits you to refine the design of a thumbnail sketch, 
to work out any details, and to show in a general way 
just how the finished illustration will look. 

The rough should be drawn the same size as the final 
product. Of course, in the case of a poster where the size 
might be quite:large, it would be impractical to n^ake the 
rou^ the sanie size. However, if the poster is to be 
placed in some publications, then its size might be 
relatively small. Usually the finished art work for such a 
reproduction is drawn larger and reduced to the correct 
size by Uie printer. By drawing the rough the same size 
as the poster that will appear in print, we can see exactly 
how well the design of the poster works in the given 
space. Any faults hi the design that are unnoticeable in 
the thumbnail usually become quite apparent in the 
rough and can be easily elimhiated. 

The illustration and lettering in the rough made from 
the thumbnails in figures 4^ and 4-7 are made with a 
bold, simplified technique and a soft pencil (see fig. 
4-8). This is the usual practice, although hard pastel, 
colored pencil, or tempera is often used. Notice that the 
rendering of the rough has a quick and incisive 
character that is easily distinguished from the 
painstaking, detailed rendering of the finished work of 
art. Colored papers are a great help when colored 
backgrounds or panels are necessary. Tempera is useful 
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A comprehensive is a detailed layout that is a step closer 
to the finished product than a rough. Comprehensives are 
used to show exactly what the finished product will look 
like. The tones, color, and details are all carefully drawn. 
In fact, sometimes a comprehensive is rendered with such 
precision that it could almost be used as the finished art 
work. If a more detailed drawing is needed for '^ome 
complicated parts, you can make comprehensives oi the 
parts. For example, in our sketch the drawing of the 
iurplane is very general. In the finished art work, the 
drawing of the airplane is quite precise. Therefore, we can 
draw an accurate comprehensive of the airplane on tracing 
paper and use this drawing to trace the airplane on the final 
art work. 

Comprehensives can also be used for other purposes (fig. 
49). For example, comprehensives are used in connection 
with this course and the preparation of the SKT (Specialty 
Knowledge Test). Since the test items of an SKT are based 
on the information presented in the CDC, the people 
preparing the test items must have a complete CDC 
manuscript (including illur^tlons). The test must be ready 
at the same time or very shortly after the CDC becomes 
available. We think of these knowledges as fundamentals, 
because you will use them in nearly all phases of 
illustration. 

Exercises (225): 
1 . What is a comprehensive layout? 



2 . Why use a comprehensive layout? 



226* Describe the two methods of establishing a 
referoice file. 

Reference Files. One of the biggest assets to a graphics 
specialist is a good file of picture clippings from 
magazines, newspapers, catalogs, books, and other printed 
sources. This file is called a reference file, or "scrap" file. 
Making such a file is a time-consuming job, but you will be 
surprised at how much you will learn from this activity and 
what a marvelous timesaver it will t)ecome for your shop. In 
addition to being an excellent so:uce of information, the 
* reference file is a rich source of picture ideas. If there is no 
reference file at your conunand now, start one right away. 
If there is one, you must always be adding to it. 

The job of selecting pictures for your reference file will 
help to develop your sense of observation. The average 
person is just a casual viewer when he is looking through 
magazines, books, and such. The pictiues pass by, one by 
one in a constant parade; they are only recordings of things 
and places. But, as an illustrator, you should go through 
these publications with a definite purpose in mind. You are 
not Just browsing but considering each picture for a specific 
place or category in your file or in relationship to your 
work. This will heighten your interest in the picture and the 
subject enormously. To decide whether a particular picture 



will be useful to you or not, you must study it objectively 
for as long a time as necessary for it to register in your 
subconscious mind. Inevitably you will retain something of 
it, and your powers of observation will be sharpened. 

How to start a reference file. The picture file you start is 
useful only if it is kept as orderly as your regular files. 

The system described here is very basic but can be easily 
expand^ as material is added. 

Because you will want to file many pieces of material 
which may be quite small, it is best to use lettersize folders 
which have tabs for identification. In this way, all of the 
material under a particular category may be filed together 
with less chance of its becoming lost. 

Picture sources. Magazines, books, and newspapers are 
the best sources for pictures. Almost any magazine contains 
photographs worth clipping. The best ones, of course, are 
the picture magazines, the home and garden, fashion, and 
travel publications. Many cheap and otherwise useless 
books may have pictures you can clip. Newspapers are 
sources for material on current events, fashions, auto 
accidents, sports, political cartoon features, and countless 
other subjects. 

Clipping. Start by prying out the staples and taking the 
magazine apart. When a picture is too large for your folder, 
fold it with the picture side out. If you cut away any 
viescriptive text or if the caption does not identify the 
picture sufficiently, write on the picture such information as 
necessary to identify it. Date each picture with both year 
arKl month and write the publisher's name on it so you can 
identify its source. 

Material you clip may be covered by a copyright. 
Reproducing or publishing a copyrighted woik without 
permission is considered as an inifringement of copyright 
and is punishable by a fine for each violation. AFR 1 10-8 
prescribes Air Force policies and procedures pertaining to 
the use of copyrighted materials. 

What to Clip. You should have clippings on almost 
every subject. You may not be interested in every subject 
the day you clip it, but next month or next year you may 
have to make a picture of it. Most fashion photographs are 
less valuable for the fashions than for the chair used by the 
model or some other decorative note. So*^ pictures may 
seem too small, but they may be worth saving for some 
ideas they contain. An intriguing pose, dramatic lighting 
effect, or unusual action may suggest a picture to you 
someday. The fUe is not only a reference but also an 
outstanding source for ideas, suggesting the mood or 
atmosphere for your particular assignment. 

Organization ct Art Files. There are few guidelines in 
setting up art files. Here are a couple of examples that are 
widely used. You may want to establish your own filing 
system. The key is organization. 

Two filing systems. The first example lists major subjects 
alphabetically and then beneath each major head lists 
subordinate subjects (also alphabetically), as shown below: 

Airplane 
Commercial 
Private 
WWI 

m 
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Birds 

Birds of prey 
Game 
Nocturnal 
Scavengers 

The second method is a straight alphabetical listing without 
subordinate subjects, as in the following example: 

Airplanes 

Automobiles 

Birds 

Buildings 

Cartoons 

Etogs 

What you use to build your file is entirely up to you, your 
interests, and most often the type of work you are doing. 
There are no restrictions as to what goes into your file. This 
brings us to the question, "Where do I keep this pile of 
invaluable resource materials?" The answer depends on 
what is available. You may place your large envelopes or 
file folders in a reinforced cardboard box, desk drawer, or a 
metal file cabinet. You can also organize your file materials 
in a number of scrapbooks, according to subject matter. 
Remember that the key is organization. 



Exercises (226): 
1. What is the main purpose of establishing an art file? 



2. What is the key factor in the success of an art file? 



3. Do you think it would be important to establish a 
reference file at your new duty assignment? If so, 
why? 



4. What should you do if the caption does not sufficiently 
describe the picture? 



5. Which Air Force regulation covers the use of 
copyrighted materials? 



Answers for Exercises 



CHAPTER 1 

Reference: 

200 - 1. The sphere, the cylinder, the cone, and the cube. 

200 - 2. Form. 

201 ~ 1. The illusion that gives an object a third din>*nsion. 

20! - 2. The process of drawing all sides of an object, even those that 
arc unseen. 

202 - 1. To emphasize form in the drawing. 

203 - 1. Opacity of the ink and its capacity to contrast sharply with the 

illustration surface. 
203 - 2. A croquill. 
203 3. Clear, sharp; consistent. 

203 - 4. Crosshatching. 

204 - 1. Textured or rough. 

205 ~ 1. Chemically developed shading medium, transparent film 

patterns, and tones. 
205 - 2. Timesaving and special effects. 

205 - 3. By overlapping the same patterns or ditTercnt patterns of 

transparent film. 

206 - 1. The nibbing with either a stump or the fmger will cause a 

blending into a smooth grayed tone. 

206 - 2. Carbon or lithographic pencils have a dark, mat-finish . Lead or 

graphic pencils leave a shiny grayed surface. 

207 ~ 1. A wash illustration is an illustration palmed with a diluted 

pigment in water to produce a transparent effect. 
207 ~ 2. Since a wash is laid on an inclined surface, it must be started at 

the top so that the diluted pigment will settle toward the bottom. 

producing an c 'en tone. 
207 - 3. Soft, fluid effects in wash are obtained by working in the area 

while the wash is still wet. 

207 - 4. By laying masking tape along the edge and applying the wash 

right up to the tape. 

208 "I. Sir Isaac Newton. 

208 - 2. Dispersion is the separate n of light rays into bands of color. 

208 ~ 3. Spectrum is the resulting bands of color caused by dispersion. 

209 - 1. (I) b; (2) b; (3) a; (4) c; (5) b; (6) c; (7) a; (8) b. 

209 - 2. The sasnt pigment colors when mixed will not produce all 
colors. It is impossible, for instance, to produce yellow by 
mixing colored pigments. 

209- 3. (I) band c. 

(2) a and b. 

(3) a and c. 

209 - 4. A !2-hue wheel is convenient because it exactly accommodates 
the 3 primary. 3 secondary, and 6 tertiary colors. 

209 ~ 5. Complementary colors are located directly opposite each other 
on the color wheel. 

209 -6. The environment affects the hue. value, and intensity of the 

color. It can even cause an apparent change in the size of the 
area occupied by the color. 

210 ~ 1. Red. yellow, and orange are considered warm colors, while 

blue-grecn. blue, and blue-violet are considered cool colors. 

210- 2. Monochromatic schemes are most likely to be monotonous. 
210 3. Complemcntaiy. 

210 - 4. Contrasts. 
210-5. Triad. 

211 - I. Versatility. 

21 1 - 2. The time it takes for the paints to dry. 

211 - 3. Because they can be handled as either oils or watercolors. 



211-4. Be of medium or heavy weight, absorbent, and have a textured 
surface. 

211-5. Tempera is a stiff, opaque watcrcolor that lacks the 
transparency of watercolors. Tempera is used to lay down flat 
tones instead of transparent washes. 

211-6. Hard, semi-hard, and soft. 

211-7. Because the pigments won't smudge or blend easily. 

211- 8. A good colored pencil should have a thick lead, n ake a soft and 

waxy mark on the paper, have a good color buildup, and have 
uniform and brilliant hues. 
211 - 9. **Mixed'media** is a combination of any two or more mediums. 

CHAPTER 2 

212- 1. 8 heads. 

212- 2. Less muscle development and a heavier layer of fatty tissue. 

213- 1. The chest, the abdomen, and the pelvis. 
213 - 2. A modifledcone. 

214- 1. Oval. 

214- 2. The femur. 

215- 1. The eyes. 
215-2. The eyes. 

215- 3. The nose and ears. 

216- 1. Thehands. 

216- 2. a. Square. 

b. Palm. 

c. Forearm; hairline. 

d. Wrist. 

e. Thumb. 

f. Concave; convex. 

217 - I. The ability to feel the physical qualities of a subject through 

observation. 

217- 2. That your pencil is touching the subject at the point where your 

eyes are focused. 
217-3. To study the action or expression of the subject. 
217-4. In its entirety. 

218 - I. Foreshortening is the illusion created that makes an irregular 

(free) form appear to go toward or recede from the viewer. 
218 - 2. Main consideration: 

a. Proper use of vanishing point. 

b. Eye level of observer. 

c. Light source. 

CHAPTER 3 

219-1. A simplifled. exaggerated form that shows expressions. 

219- 2. Face; eyes. 

220- 1. As many as the mind can imagine. 

CHAPTER 4 

221 - 1. Area, depth, line, and value. 

221 - 2. Depth. 

222 - 1. Balance, proportion, rhythm, movement, unity, clarity, and 

simplicity. 

222 - 2. Because balance is used to hold the interest of the observer. 

222 - 3. Clarity; simplicity. 

223 - I . A .small . quickly drawn illustration. 

223 - 2. To work out design ideas. 

224 - 1. Instead of being small and quickly drawn, the rough is a 

drawing of actual size and is a more detailed sketch. 
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224 " 2. Any faults in the design that are unnoticeable in the thumbnail 

are quite apparent in the rough. 

225 - 1. A detailed layout that is a step clo;er to the finished product. 

225 -2. To show exactly what the finished i-Toduct will look like. 

226 - 1. The main purpose for esublishing zn art file is to esublish an 

excellent source of information and a real source for ideas. 
226 - 2. The key factor in the success of an art file is organization. 



226 - 3, It is important to establish a master reference file at your new 

duty assignment because such a file is a timesaving device for 

information and ideas. 
226 - 4. If the caption does to identify the picture sufficiently, write on 

the picture such information as necessary to identify it. 
226 - 5. The Air Force Regulation that covers the use of copyrighted 

nuterials in AFR lOO-S. 



72 231 



STOP- 



1. MATCH ANSWER SHEET TO THIS EXERCISE NUMBER. 

2. USE NUMBER 2 PENCIL ONLY. 



EXTENSION COURSE INSTITUTE 
VOLUME REVIEW EXERCISE 



2315! 02 22 



BASIC DRAWING 



CarefuUy read the following: 
DO's: 

L Check the ''course/' ''volume," and **fonn" numbers from the answer sheet address tab against the 
*'VRE answer sheet identification number" in the righthand column of the shipping list. If numbers do 
not match, return the answer sheet and the shipping list to ECI immediately with a note of explanation. 

2. Note that item numbers on answer sheet are sequential in each column. 

3. Use a medium sharp #2 black lead pencil for marking answer sheet. 

4. Write the correct answer in the margin at the left of the item. (When you review for the course 
examination, you can cover your answers with a strip of paper and then check your review answers 
against your original choices.) After you arc sure of your answers, transfer them to the answer sheet. If 
you have to change an answer on the answer sheet, be sure that the erasure is complete. Use a clean 
eraser. But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your unit trainer or OJT 
supervisor. If voluntarily enrolled student, send questions or comments to ECI on ECI Form 17. 



1 . Don't use answer sheets other than one furnished specifically for each review exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double marks or excessive markings 
which overflow marking blocks will register as errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any maricing other than a #2 black lead pencil. 

NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED ON THE VOLUME 
REVIEW EXERCISE* In parenthesis after each item number on the VRE is the Learning 
Objective Number where the answer to that item can be located. When answering the items on the 
VRE, refer to the Learning Objectives indicated by these Numbers. The VRE results will be sent to 
you on a postcard which will list the actual VRE items you missed. Go to the VRE booklet and 
I(Katc the Learning Objective Numbers for the items missed. Go to the text and carefully review the 
areas covered by these references. Review the entire VRE again before you take the closed-book 
Course Examination. 
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MULTIPLE CHOICE 



Note to Student: Consider all choices carefully and select the best answer to each question. 
1 . (200) Which of the foliowing is not considered one of the four basic forms of drawing? 

a. Cylinder. c. Cone. 

b. Circle. d. Cube. 



2. (200) The foundation of the training of a graphic specialist is the principle of 

a. combining colors. c. drawing form. 

b. using light and shade. d. drawing depth. 



3. (201) The term **drawing through" means that you are 

a. adding a background to your drawing. 

b. making an original drawing through the use of an optical drawing aid. 

c. attempting the three-dimensional effect of depth. 

d. merely putting the fmishing touches on an otherwise completed drawing. 

4. (201 ) The proper application ofthc principle of drawing through will give your picture the effect of looking 

a. recessive. c. lopsided. 

b. too detailed. d. real. 

5. (202) You have just completed drawing a basic form using the draw-through principle. What, if anything, 
should you do to enhance the appearance of this basic form? 

a. Add lighting orshading to emphasize the form. 

b. Do nothing as the form will stand by itself . 

c. Add a dark background. 

d. Add a light foreground. 

6. (203) In the pen-and-ink technique of line drawing, India ink is most commonly used because it 

a. ispermanent. c. is waterproof. 

b. is opaque. d. has all of the above characteristics. 

7. (203) The techniques of crosshatching, graded lines, parallel lines, and stipple relate to a drawing's 

a. depth. c. texture. 

b. form. d. tone. 

8. (204) In a line media illustration produced with pencil or crayon, the drawing is usually applied to what type of 
surface? 

a. Smooth. c. Textured. 

b. Lined. d. Colored. 

9. (204) The reason a textured surface is used for a line media drawing with a pencil is that it 

a. gives the required sharpness and contrast. 

b. produces a pattern that gives a tonal effect. 

c. can be erased many times without degradation. 

d. produces a matte effect. 
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10. (205) What arc the two types of prepared shading media? 

a. Transparent film and chemical. c. Chemical and paper. 

b. Transparent film and paper. d. Chemical and opaque. 

1 1. (206) Which of the following gives a matte finish and a rich dark black? 

a. Crayon. c. Lead pencil. 

b. Carbon pencil. d. Graphite pencil. 

12. (206) Whal would be the cITccI of using a pencil on rough textured pujKr? 

a. A halftone effect. c. A fluid effect. 

b. A daric matte effect. d. A granular effect. 

13. (207) What advantage docs India ink have over lampblack or Chinese .slick ink when you arc preparing and 
laying a wash? 

a. It is easier to use. 

b. Lampblack and stick ink must be strained. 

c. Chinese stick ink and lampblack arc messy. 

d. One wash can be laid over another without picking up the one underneath. 

14. (208) The separation of light into colors is called 

a. value. c. dispersion. 

b. density. d. light separation. 

15. (208) A black object is one that 

a. absorbs nearly all light rays. c. reflects all colors except black. 

b. reflects nearly all light rays. d. absorbs all colors except black. 

16. (209) The color qualify that enables us to discriminate between light red and dark red is 

a. chmma. c. inlcn.siiy. 

b. hue. d. value. 

17. (209) The quality by which we recognize one color from another is called 

a. intensity. c. hue. 

t. value. d. density. 

18. (209) Which of the following colors is considered cool? 

a. Red. c. Yellow. 

b. Blue. d. Orange. 

19. (209) Based on Brewster's concept of the primary pigment colors as red, yellow, and blue, name the secondary 
colors. 

a. Orange, citron, green. c. Olive, russet, citron. 

b. Orange, green, violet. d. Ru.s.sct, orange, green. 

20. (210) When u single color value varies fn>m a light tint to a daric shade, the color is saiu to be 

a. analogous. c. c<implcmcntary. 

b. nuimK-hmniatic. d. triadic. 
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21. (210) An analogous color is sometimes called a 



a. triad color scheme. c. related color scheme. 

b. complementary color .scheme. d. monochromatic color scheme. 

22. (210) A color scheme made up of orange, yellow, and green would be 

a. analogous. c. monochromatic. 

b. complementary. d. near-complementary. 

23. (210) You can prevent an analogous scheme from becoming monotonous by 

a. taking in more of the color wheel . 

b. introducing white as an accent. 

c. placing emphasis on a hue that is not dominant. 

d. introducing complementary accents. 

24. (211) All oil painting surfaces must be 

a stretched on a frame. c. tinted. 

b. completely smooth. d. sized and primed. 

25. (211) The primary reason for using medium or heavy weight watercolor paper is that it 

a. rcsi.sts buckling. 

b. i.s easier to mount. 

c. is less likely to tear. 

d. is easier to correct. 

26. (211) Why is tooth necessary on pastel paper? 

a. To maintain a sharp image. 

b. To hold the particles of pigment. 

c. To strengthen the expression of form. 

d. To form delicate backgrounds. 

27. (211) What is the key to colored pencils? 

a. Erasability. c. Sgraffito. 

b. Waxing. d. Transparency. 

28. (212) How many head units high is the preferred height of an illustrated human figure? 

a. 6»/2. c. V/2. 

b. 7. d. 8. 

29. (212) An illustration of a twelve-year-old-boy should be 

a. 8 head units high. c. 6 head units high. 

b. 7 head units high. d. 5 head units high. 

30. (213) The torso of the human figure is composed of how many masses? 

a. 1. c. 3. 

b. 2. d. 4. 
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31. (213) The part of the torso which serves as a base for the other parts of the body is the 

a. abdomen. c. pelvis. 

b. rib cage. d. epigastrium. 

32. (213) In an illustrated figure of the human body, the chest, abdomen, and the pelvis should be connected by the 

a. rib cage. c. collarbone. 

b. shoulder girdle. d. spinal column. 

33. (214) How many bones are contained in the upper and lower arm? 

a. 3. c. 5. 

b. 4. d. 6. 

34. (214) What is the shape of the leg and calf of the human form? 

a. Square. c. Circular. 

b. Triangular. d. Elliptical. 

35. (214) Which bone of the human body is considered to be the longest and the strongest? 

a. Ulna. c. Humerus. 

b. Radius. d. Femur. 

36. (214) In adrawing of the human leg, the ankle is represented as a 

a. square. c. reverse curve. 

b. triangle. d. inverted wedge. 

37. (215) In comparison to the nose, the ear is normally 

a. three-fourths as long. c. somewhat longer. 

b. two-thirds as long. d. the same length. 

38. (216) What part or parts of the bixly. other than the face, arc most expressive? 

a. Heet. c. Hands. 

b. Anus. d. Tor^io. 

39. (216) The length of the feet is approximately 

a. twice that of the middle fingers. 

b. three-fourths the distance from the elbows to the wrists. 

c. one-third the distance from the pelvis to the knees. 

d. one-half the distance from the knees to the bottom of the feet. 

40. (2 1 7) Gesture drawings arc used for what purpose? 

a. To teach you to draw quickly. 

b. To achieve a photographic likeness. 

c. To study the action and expression of the subject. 

d. To teach you to sec the entire subject at one time. 

41. (218) An irregular form appearing to recede from or come toward the viewer causes a phenomenon known as 

;i. ra-ct'onu. c. refraction, 

b. foa\shortcuing. d. perspective. 
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42. (219) The main difference betv^een cartoon and figure drawing is in 



a. simplification of features. 

b. foreshortening. 



c. movement. 

d. balance. 



43. (219) Cartoon facial expressions are produced by the movement or lack of movement of which of the following 
facial parts? 



44. (220) Which one of the following is not one of the recommended techniques for cartoons or caricatures? 

a. Use the established public impressions of the individual . 

b. Draw correct human proportions, within reason. 

c. Know the people who will be viewing your characters. 

d. Strive for a likeness; then add small distortions for humor. 

45. (221) What are the basic cicmcntj; of composition? 

a. Depth, value, and color. c. Line, value, and color. 

b. Area« depth Jinc, and value. d. Area, c^jpth, value, and pose. 

46. (221) The creation of an illusion of distance on a two*dimension'J surface is called 

a. depth. c. value. 

b. area. d. composition. 

47. (221) The term "line'* when used in conjunction with composition means 

a. the number of lines used in the construction of the drawing. 

b. the direction in which the eye moves to focus on a point of interest in an illustration. 

c. the number of complex vertical lines which lead to the main point of interest. 

d. all of the horizontal and vertical lines used in the composition of the drawing. 

48. (221) The element of composition which creates the mood or gives the overall key to a drawing is called 

a. color. c. focus. 

b. line, d. value. 

49. (221) An illustration of a downed aircraft in the Dismal Swamps of North Carolina would be best portrayed 
using shades having 

a. hi^i key values. c. low key values. 

b. normal key values. d. very thin key values. 

50. (222) The seven principles of composition are balance, proportion, rhythm, movement, 

a. clarity, conciseness, and definition. c. simplicity, distinctness, and mass. 

b. design, attention, and mood. d. unity, clarity, and simplicity. 

51. (222) Golden Division serves the purpose of determining 

a. centers of interest. c. formal balance. 

b. color balance. d. unity. 



a. Mouth. 

b* Forehead and eyes. 



c. Nose. 

d. All of the above. 
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52. (222) A large mass balanced by a small mass in an illustration is known as 



S3. (223) The type of illustration usually used in the initial working out of general layoutdetails is tlie 



54. (224) The **rough" should be drawn to 

a. one-half the size of the original . 

b. the same size as the final drawing. 

c. any scale that the illustrator wishes to use. 

d. a size that shows only the important parts of the design. 

55. (225) A comprehensive drawing is 

a. usually accomplished after a thumbnail sketch has been made. 

b. always made to the same size as a thumbnail sketch. 

c. normally fmished in pastel colors. 

d. used to show what the fmal product will look like. 

56. (226) The main purpose of the landscape is to 

a. serve as the chiefsubject of an illustration. 

b. set the scene for the center of interest. 

c. serve as a fill-in for the total picture. 
. d. set a reference for time of day. 



a. informal balance. 

b, geometric balance. 



c. formal balance. 

d. symmetric balance. 



a. comprehensive layout. 

b. process drawing. 



c. rough sketch. 

d. thumbnail sketch. 



END OF EXERCISE 



• 
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CONE 
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realism. 
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I 
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Foldout 1« Drawing basic form. 
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Preface 



THE INFORMATION in this volume is intended to cover the subject well enough 
that you will have the necessary background knowledge to carry out your job-related 
assignments. 

The first chapter in this volume contains information on data presentation and 
charting and their effective uses. The second chapter is on projectual design. 
Chapter 3 is on printed materials and processes; almost all artwork ends up as a 
reproduction item in some form or another. Chapter 4 is on special techniques that 
include airbrushing and silk screen printing. Your job in the Air Force is to produce 
visual aids so that other people can comprehend complicated subjects simply. We 
suggest that you study each chapter carefully before proceeding to the next. 

Code numbers appearing on figures are for preparing agency identification only. 

The inclusion of names of any specific commercial product, commodity, or ser- 
vice in this publication is for information purposes only and does not imply indorse- 
ment by the Air Force. 

This volume is valued at 12 hours (4 points). 

Material in this volume is technically accurate, adequate, and current as of March 
1983, 
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CHAPTER 1 



Visual CommuEiication 



AIR FORCE commanders at all levels of command 
normally have to deal with a great variety of cold, hard 
facts. For example, the Air Force Chief of Staff must 
have data that shows the combat readiness of the entire 
Air Force, and the squadron commander must know 
which aircraft are ready to fly and how many qualified 
mechanics and pilots are available to keep them flying. 
In both cases, the commanders need data (statistics) 
readily available and so presented that they don't have 
to spend time reading lengthy, abstract, dry statistical 
reports. They arc not interested in the flood of details 
that can be put on the printed page. They want facts in a 
form they can grasp quickly; one that gives them a clear 
picture of their operation or mission without requiring 
them to waste their time studying statistics. As an 
illustrator, you must be able to give this information in 
well-prepared graphics that communicate visually and 
that may stand alone or be supplemented with written or 
spoken words. 

Unfortunately, many people are not gifted with the 
ability to draw rapid and accurate conclusions from a 
mass of numerical data. Since people usually learn more 
quickly when facts are illustrated by a picture or series 
of sketches, a set a good tables, charts, or graphs will 
make any analysis clearer. Regardless of how the data is 
presented (table, chart, or graph), the specific medium 
must be such that it can be easily understood by those 
for which it is intended; in other words, what best 
determines whether a table, chart, or graph is used are 
the people for whom it is designed. Normally, we 
consider three basic ways in which statistical data and 
analysis may be presented— narrative, tabular, and 
graphic presentation. A presentation may be limited to 
one of these methods, or it may be any combination of 
them. The data to be presented must be examined 
carefully, and a method of presentation chosen to high- 
light the essential elements. 

The actual presentation of a chart, table, or graph 
requires a certain amount of imagination as well as the 
manual deftness. Since the people (commanders, super- 
visors, etc.) are usually not artists, they have to turn to 
someone to help them with the conception of, as well as 
the preparation of, the proper chart, table, etc. 
Therefore, as an illustrator, you will be expected to take 
the figures or data and translate them into simple and 
understandable graphics. Creating this type of material 
requires that you understand the possibilities and 
limitations of the various types of graphics and learn to 



select the proper type for each particular presentation. 
Before we go into the actual work of preparing 
graphics, let's first discuss briefly the methods of 
presentation (narrative, tabular, and graphic) which 
may be used. 



M. Methods of Data Prasantation 



We previously indicated that there are three basic 
ways in which datamay be presented; these are 
narrative, tabular, and graphic. The method of 
presentation selected is normally determined by the type 
of data and the intended use of the data. In this respect, 
there are times when a combination of the styles of 
presentation may be used to good advantage. For 
example, material may be presented orally in narrative 
form; it may be presented orally using charts or other 
graphics as visual aids; or in the case of this CDC, 
graphics may be combined with the written word. Let's 
review some of the advantages and disadvantages of 
each type of presentation. 



400. Differentiate among methods of data presentation 
by definition. 



Narrative Presentation. A narrative presentation may 
be either written or oral. The information is normally 
presented in story form, and the text is frequently 
supplemented by tables, graphs, and charts. There is 
usually a discussion of the data being considered, and 
usually there is justification for the conclusions reached. 
In addition, the narrative presentation may trace the 
steps of a situation and explain the reasoning behind 
certain conclusions. From the foregoing you can see 
that the narrative presentation can take on just about 
any style necessary to accomplish its intended purpose. 



Written Presentation. A written narrative 
presentation is often used when it is 'Jxpected that the 
user will sit down and study the report in detail. In this 
respect, a narrative report can show a great amount of 
detail. Studies that are submitted to a higher head- 
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quarters or to agencies outside the military service- 
organizations such as congressional committees » 
scientific research bodies, or educational institutions- 
are examples where the written narrative form of data 
presentation is quite frequently used. 

Although the written-type narrative presentation 
takes advantage of the additional data we can get 
through seeing, when used alone, this method too has a 
big disadvantage. A written narrative report containing 
many numbers or types of data throughout the report is 
very difHcult to use because comparing the data and 
arriving at a conclusion may be an involved process. 
Unless you memorize the facts, you must turn first to 
one page and then to another until a firm picture of the 
comparative characteristics of these facts forms in your 
mind. In this particular instance a table could be 
included along with the narrative, thus making it 
possible to see all the significant data in one group and 
to afford an opportunity to make an analysis. 

Oral Presentation. Probably the easiest method of 
delivering a report is by oral presentation. However, it is 
the least effective and the one most easily forgotten by 
the audience. Two advantages of the oral presentation 
are that it gives the preparer the opportunity to present 
an enormous amount of detail and the chance to answer 
questions on any point of possible misunderstanding. 
As a result, the preparer can bring out details that might 
be overlooked in other forms of presentation. 

The advantages of the oral presentation are over- 
shadowed by one big drawback; in an oral presentation 
the speaker has to rely on one of the least effective 
learning senses of the human body— hearing. According 
to some authorities, only 13 percent of what we learn is 
acquired through the sense of hearing. Contrast this 
with the fact that we learn 75 percent of what we know 
through the sense of sight. That is why the oral presen- 
tation is considered to be a poor method of presenting 
statistical data. Considering the amount of work that 
goes into a statistical study, why waste it by making a 
report that is only 13 percent effective? 

Tabular Presentation. A mass of data sorted, 
counted, and arranged in a systematic order in the form 
of a table is called a tabular presentation. The particular 
arrangement of the data into rows and columns depends 
upon what purpose the table is to serve. All data 
appearing in a table should be clearly identified, thus 
eliminating supplementary explanj*: o?^s. It is well to 
remember that all the user may know is what the table 
shows. 

There are normally two types of tables used in 
statistical presentations— the general-purpose table and 
the special-purpose table. Each type is particulariy 
useful in certain situations. A general-purpose table is 
designed to present a broad range of data on a specific 
subject, whereas a special-purpose table is a method for 
highlighting a particular part of a study. The special- 
purpose table, in this respect, furnishes specific 
information about a specific subject. The data for a 
special-purpose table may be taken from a general- 
purpose table or from an original source. 



While the general-purpose table may be lengthy (and 
possibly, cumbersome), the special-purpose table is 
usually brief and to the point. Special-purpose tables are 
useful for presenting comparisons. Either type of table 
may be used in conjunction with a chart or graph to 
show detail that is lost or difficult to observe on the 
chart alone. Before we go into a few basic rules and 
concepts of table construction, let's briefly analyze the 
last method of data presentation to be discussed 
here— graphic presentation. 

Graphic Presentation. Even though tables normally 
present data in a well-arranged order, the reader or user 
must still make his own comparisons many times 
between one bit of information shown and some other 
information (shown or not shown). Since it is much 
easier to make comparisons, evaluations, etc., based 
upon data cleariy shown and graphically illustrated, the 
graphic picsentation, either alone or used in conjunc- 
tion with tabular presentation, is a very effective means 
of presenting data. 

Graphic presentations may be made in many forms 
and styles. They may be simple or complex in form, as 
you determine necessary to accomplish the job for 
which they are intended. The choice of form or style of 
presentation could well be your responsibility, since the 
persons who require the data normally states the infor- 
mation needed and expect you, the graphics specialist, 
to come up with the type of presentation that will best 
do the job. In this respect, you not only have an 
obligation, but also &n excellent opportunity to demon- 
strate your effectiveness in your job. Remember, you 
share an important part in helping the requester make 
an effective report. 

The type of graphic representation used in data 
presentatiw«.j depends upon many factors— such as 
these factors listed below: 

• General purpose of the graph or chart. 

• Occasion for its use. 

• Type of reader (audience) to be reached. 

• Nature or amount of data to be presented. 

• The significant relationships to be obtained from 
the graphic. 

The list as shown above could no doubt be expanded 
significantly; however, the factors portrayed should 
give you some idea of what you must consider to select 
the type of graphic representation that will do the best 
job. 



Exercises (400): 

1. Match the items in column B, with the most 
appropriate descriptive statement in column A. 

Column A Column B 

(1) User will sit down and study a. Hearing. 

details ... presentation can b. Narrative containing 

shov great amount of detail many numbers or types 

... is submitted to higher of data, 

headquarters or agencies c. Graphic, 

outside military service. d. Seeing. 
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Column A Column B 
(2) Disadvantageous because e. General-purpose table. 

arriving at i conclusion f. Tabular presentation. 

may be an involved process, g. Special-purpose table. 
(3) Easiest method of deliver- h. Oral presentation. 

ing report . . . poor method i. Written presentation. 

of presenting statistical data 

. . . presenter can give large 

amount of detail and at 

saline time answer questions 

that arise . . . depends on 

sense of hearing. 

(4) 13 percent of what we learn. 

(5) 75 percent of what we 

know. 

(6) A mass of data sorted, 

counted, and arranged in 

systematic order. 
(7) Presents a broad range of 

data on specific subject. 
(8) Highlights a specific part of 

study, usually brief and to 

the point, and useful for 

presenting comparisons. 
(9) Helps make comparisons, 

evaluations, etc., easier . . . 

used alone or in 

conjunction with tabular 

presentations ... a very 

effective means of data 

presentation. 



1-2. Qraphic Techniques of Data Presentation 



As a graphics specialist, it is imperative that you be 
proficient in the basic techniques of tabular and graphic 
(charts and graphs) presentation. In the next two major 
segments of this chapter, we will discuss the construc- 
tion of tables and the fundamentals of graphic 
presentation. 



401. Cite differences between the methods of tsbolsr 
presentation and factors to consider in choosing a scale. 



Construction of Tables. First, look at some basic 
points on techniques of table construction. Tables are 
usually of two general types— general-purpose and 
special-purpose. Although the construction of either 
type of table is the same, there are basic differences 
between the two types. 

Figure 1-1 gives examples of general-purpose tables. 
These type tables present a very broad range of data on 
a spcciHc subject. In this case, the subject is major 
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aircraft accidents (by phase of flight) that occurred 
within a speciHc command, in a speciHc month and 
year. Further, they cover all the details of interest, 
giving a complete total and also the totals for a number 
of bases. 

A special-purpose table highlights a particular part of 
a study. The data may come from a general-purpose 
table or from an original source. Figure 1-2 gives 
examples of special-purpose tables developed from the 
general-purpose tables in Hgure 1-1. It shows only one 
of the columns contained in the general-purpose table 
and presents an analysis in percent. While the general- 
purpose table is quite long and cumbersome, the special 
taoie is usually brief and to the point. The same con- 
struction techniques apply to both types of tables. 

Good tabular presentations must be planned 
according to certain standard practices to be effective. 
Because of the widespread use of tables throughout the 
Air Force, certain ground rules of format have been 
adopted. Standardization has many advantages. For 
instance, when graphics personnel are transferred from 
one base to another, they have no new techniques of 
table preparation to learn. Tables developed in one 
command are easily understood by personnel of other 
commands. In the next few paragraphs, we will discuss 
some of the key points in good table preparation. 

Title. The title of your table is the first element to be 
considered. In figures 1-1 and 1-2 good title construc- 
tion is illustrated. Notice in both of these illustrations 
that the titles are centered at the top cf the table and are 
in capital (uppercase) letters. The titles, in both cases, 
are clear and concise. They tell the reader what is being 
considered as well as where and when the data applies. 
Under no circumstances should the clarity of a title be 
sacrificed for brevity. In x'act, it is better to use a long 
title that is complete and clear than to use a short title 
that leads to uncertainty and confusion. The phrase or 
phrases of the title should not be broken at the end of a 
line^ Each line should represent a single thought; 
otherwise, the title is confusing. Just how confusing a 
title can be is shown by the following example: 
MAJOR AIRCRAFT 
ACCIDENTS BY PHASE 
OF FLIGHT 

Compare this title with the correctly arranged title in 
figure 1-1. 

Organization of the body. The organization of the 
body of the table is just as important as the arrangement 
of the title of the table. A table must present data simply 
and clearly. Airange your data in a systematic form that 
emphasizes the important items contained in the table. 
Since we read from left to right and from top to bottom, 
tlie upper left portion of the table is the choice spot for 
the most important factors of the table. Notice in figure 
1-1 that the totals are placed in this portion of the table 
since this data is one of the important factors for this 
particular table. In other situations, showing totals at 
the bottom of the table is a perfectly acceptable 
procedure. 

There are several ways to arrange the items in the 
body of a table. They may be arranged alphabetically. 



geographically, chronologically, or in some other 
logical order, depending upon the intended use of the 
table and the data to be presented. If an alphabetical 
arrangement is used, the order of presentation should be 
by subject. If geographicsl or chronological presenta- 
tions are used, the order of presentation or table 
arrangement must be determined by other means. For 
example, a geographical arrangement could be by size, 
using either ascending or descending magnitude; a 
chronological presentation could be arranged by order 
of natural interest, by order of the emphasis desired, or 
by some customary classification (such as airmen, 
officers, male and female adults, children, etc.). 
Regardless of the type of presentation (alphabetical, 
chronological, etc.), you must decide on the 
arrangement of the data before you can construct the 
rest of the table. With the arrangement of the data 
decided upon, list the items across the top of the table or 
down the left side in the order of their importance. 

Each major element of the body of a table has a 
name, as indicated in figures 1-1 and 1-2. They are: 

G, Columns— the term for vertical listings. 

&. Rows— the term for horizontal listings. 

c. Boxhead— contains the captions (titles) of the 
vertical columns. 

d. Captions— must describe clearly the data (infor- 
mation) in the columns. 

e. Stubs— usually the extreme left-hand column. 
/. Stub Items— titles appearing in the stub. 

As we discuss these elements of the body, refer to the 
tables in figures 1-1 and 1-2 for their location. 

Captions, Captions, generally speaking, are also 
related to the title of the table. In figure 1-1, the title 
indicates that thctuble is about major aircraft accidents, 
so it is logical to assume that the captions in the boxhead 
will show different types (or causes) of aircraft 
accidents. In this case, it would be an error in construc- 
tion to list the various Air Force bases in the boxhead 
and to show the types of accidents in the left-hand 
column, because the table title would not then be in 
agreement with the capMons or vice versa. 

Because of the relationship between the table title and 
the captions, if the title is detailed, the captions may be 
brief. If the title is general, the captions should be 
sufficiently detailed to eliminate any possible 
misunderstanding. 

Tne captions in a table should also contain the unit of 
measurement if that unit is not adequately indicated in 
the title. In figures 1-1 and 1-2, the unit of measurement 
is obviously a number, but, in some tables, the units of 
measurement (such as dollars, percent, miles, gallons, 
and hours) must be shown in the caption. This unit 
identification is especially needed if the various coJumns 
show different kinds of information. For example, one 
column may show gallons of gasoline; the next, miles 
per gallon; third, cost in dollars. In such cases, you can 
see that the captions must contain the unit of 
measurement for the table to be understandable. 

The stub should contain a title for each horizontal 
row in the table. The stub items are usually listed in 
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some order, such as numerical, alphabetical, or 
geosraphics. They should be clear and complete 
enough to prevent any misunderstanding. Notice in 
figures M and 1-2 that the stub items are listed 
numerically. 

Footnotes. Footnotes are useci to clarify items in the 
table that are not completely self-explanatory or that 
contain information or data not usually considered as 
pertaining to the item. If you cannot print an adequate 
caption in the space available, you can clarify it in a 
footnote. Also, use footnotes if there is not sufficient 
space to clarify a stub item properly. 

The reader's attention is usually directed to a 
footnote by an asterisk (♦) or some other graphic 
symbol. Never use one symbol to identify two different 
footnotes. If a footnote applies to more than one entry, 
however, place its symbol after each entry to which the 
footnote applies. Avoid using small numbers to indicate 
footnotes pertaining to numbers. These small numbers 
may be mistaken for exponents, subscripts, etc. 

Usually, you can depend upon the saying, ''If data 
can be misinterpreted, someone will misinterpret it.** 
Therefore, if you have any doubt about the clarity of 
any item, remove that doubt with a footnote. On the 
other hand, the overuse of footnotes is not advisable. If 
there are three or four footnotes on a table is usually 
means that it is time to examine the table and data to 
find out why so many footnotes are needed. Perhaps the 
trouble is a poor selection of captions or stub items. 
Perhaps if you rearrange the data, you can make a 
better table. At the very least, you need to recheck your 
table very carefully to discover a better way to present 
the data. Remember that the purpose of a table is to 
present data clearly and concisely. 

Source and preparation. For a table to be complete 
and effective, it must indicate the source of the material 
it contains. This should be included with the draft infor- 
mation furnished to you for the preparation of the 
table. It is standard practice to show the source of the 
data in the lower left-hand comer of the table. Place the 
source statement below the footnote (if there is a 
footnote) on the table. In some cases, it is also desirable 
to show the preparing agency and the data of 
preparation. Place this information at the bottom of the 
table near the source of information. On charts, the 
prq)aring agency and data are usually shown at the 
lower right. On tables, no specific location is 
designated. 

Division of table components. There are a few 
general rules Ho follow in dividing a tble knto its 
components. Separate your boxhead and stub from the 
main body by double lines or a very heavy single line. 
Separate columns and row<: by sinj^e lines. If you are 
not using lines, indicate the divisions by the size of the 
space left between your entries. Using space to separate 
columns is a frequent practice when tables are prepared 
on a typewriter. When the captions &re major groupings 
with subdivisions, separate the major group by double 
lines or narrow spaces. Use rulings or spacings to group 
items so that the eye will automatically pick out the ones 
that are closely related. Rulings make it easy for the 



reader to follow the trend of thought of the preparer 
when he selected the table design. 

Table layout selection. You will find it difficult to 
visualize the proposed table and plan the size of 
lettering, width of .spaces, and overall size without first 
making a sketch. You may need several rough sketches 
in order to select the layout that meets every need. By 
trying different layout arrangements, you can 
emphasize various aspects of the data or bring an 
assortment of facts into a position where they can be 
compared readily. When you are experimenting with 
different arrangements, you will find that two series can 
be compared best if they are in adjoiing columns, and 
that totals are emphasized when they are placed at the 
upp«i left of the table. In fact, it is just a recent trend in 
the Air force to locate the totals at the top left rather 
than at the bottom. This makes it possible for the reader 
to grasp the conclusion of the study without having to 
search it out. 

Summary. In brief, in table construction you must 
remember certain basic facts: 

a. First, know exactly what facts are to be presented. 

b. Know what contrasts or comparisons must be 
n»de. 

c. Know the specific point of interest of the persons 
for whom the table is prepared. 

d. Know and employ the proper techniques of table 
preparation. 
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Fundamcntab of Graphic Parcsentatioiis. Even 
though good tables present well-arranged data» the 
reader or viewer must still make comparisons between 
one piece of information and another. Only in this way 
can the user analyze and evaluate the information for 
the identiHcation of possible problem areas and 
solutions* In the Air Force, AF commanders and/or 
supervisors often need essential data quickly. They 
should be able to grasp the main facts without searching 
through a mass of detailed information. To provide this 
support, well-designed statistical reports, accompanied 
by your effective charts and graphs, highlight essential 
informative data. Regardless of the level of command, 
well constructed graphs and charts are two of the best 
metl)ods of effective data presentation. 

Consider the data presented in the two parts of flgure 
1-3. They present the same data. The upper half of 
figure 1-3 lists the bases of a command with the per- 
centage of aircraft that were not operationally ready for 
each month of the past 6-month period. By studying the 
data closely, you can see that Brown Air Force Base has 
been having fewer and fewer aircraft operationally 
ready each month. Further study shows that Jones Air 
Force Base, on the other band, hat been tteadily 
improving in its peroentage of aircraft ready. 

Now glance at the lower half of figure 1-3. Just a 
glance is all you need to tell you, or the commander, the 
same story about these two bases. Going back to the 
upper half of figure 1-3, look at Wells Air Force Base. 
You probably didn't notice the change in the month of 
September in percentage of aircraft not ready. (That 
month a storm caught some aircraft on the ground 
causing damage that required many days to repair.) Yet 
this increase in not-ready aircraft is instantly apparent 
in the lower half of figure 1-3. See how much more 
quickly you get the same ideas or information from the 
graph than the table. You might even say one graph or 
chart is worth a thousand numbers neatly arranged in 
tables because the graph instantly shows the relationship 
of the data elements. 

Howevei-, one picture can replace many words or 
numbers only if the form of its presentation is carefully 
selected. There are many different forms in which data 
can be presented graphically. We will discuss the various 
forms of charts and graphs later in this chapter. As we 
discuss each form, we will note its advantages and dis- 
advantages. It is very important that you learn to select 
the graphic form that most effectively presents your 
data. Before we take up each of the many different 
charts and graphs, there are a few basic principles of 
graphic layout, equipment, and material that you 
shouU review. 

Equipment and material Basic drawing equipment 
and materials are, of course, required in the production 
of good graphs and charts. The alert graphics specialist 
shoukl have access to all the latest materials, methods, 
and techniques— especially those that speed up and 
simplify the job. Since many of the tools and materials 
that are used in the preparation of tables, charts, 
graph!; etc*, are used in the graphics artwork discussed 



in the first volume of this CDC, we will elaborate only 
on those that are peculiar to graphic chart work. 

Among the important aids to graphic production are 
parallel-ruling units, leroy reservoir and rapidograph 
pens, speedball pens of many styles, the airbrush, 
lettering guides, mechanical lettering sets, and enlarging 
and reducing projectors. For your work, you may use 
pastels, crayons, colored pencils, and various coloied 
drawing inks. Your selection of tools and materials to 
use in preparation of a chart or graph should be based, 
to some extent, on the use and life of the chart. 
Consider how it will be maintained and updated, and, 
possibly, your preference in filling the requirements of 
the requestor. Selecting the proper tools and materials 
can make your work easier, faster, and undoubtedly 
better. You wouldn't prepare an elaborate chart for a 
short briefing; neither would it be wise to prepare a 
pencil-drawn chart on a monthly or yearly chart 
program for the conunander. 

Frehand lett^g. if of good character, is acceptable 
for graph and chart work. If you have difficulty making 
good freehand lettering, you will find one of the 
mechanical lettering devices useful. Most of the lettering 
in the illustrations of this volume was made with a 
lettering set. 

Probably the most useful of the materials available to 
the graphics specialist for making graphs and charts is 
the acetate or cellophane overlay material with an 
adhesive backing. These overlay sheets are made in a 
variety of types, faces, symbols, colors, and patterns. 
The adhesive backing enables you to apply the material 
directly to the graphic with a burnishing tool (a piece of 
plastic such as the back of a pocket comb). Overlay 
material is usually available with either a paraffin 
backing or a heat-resistant adhesive. If graphs or charts 
are to be reproduced by the diazo method, use the heat* 
resistant type because of the heat generated by the 
process. The paraffin-base material would melt and ruin 
the entire graph or chart. The paraffin-backed material 
is more economical and should be used if the graphic 
will not be subjected to temperatures above 110* F. 

The coding of your graphs can be done with much 
more speed aud ease when you use the overlay 
materials, such as acetone or cellophane. The variety of 
patterns and colors help you create special effects 
suitable for graphic presentations. You place the 
overlay material over the area to be shaded or colored, 
and press it into place. Trim off the excess by lightly 
tracing the outline of the area with a sharp razor blade 
or knife, and then gently pull the excess from the 
surface of the chart. Complete all pen and ink work on 
your graph or chart before you apply the overlays to the 
work. 

Graphic layout. Almost any statistical analysis can be 
presented grt^ihically. The possible variations in design 
aie almost endlei»s and depend to a great degree upon 
the imagination of the analyst/requestor and the 
graphics specialist who designs the chart. The type of 
chart or graph used to illustrate the important parts of a 
study may make the difference between the success and 
failure of the analysis. 
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The value of a good graph or chart lies in the fact that 
we obtain 73 percent of our knowledge through the 
sense of sight. Figures may be quoted orally for hours, 
and in all probability the listeners will forget most of 
them. But, shown a simple picture of the same data at a 
briefing or meeting, the viewers will probably retain it 
for some time. Cold facts, when presented numerically, 
remain unnoticed unless the reader's attention is 
focused on them by some special means. 

A well-prepared chart presents a clear picture, but the 
scope of the data presented should be limited. Over* 
crowding data obscures the main point of a chart, often 
defeating the primary requirement of a good 
chart— easy reading. Two or three charts with one or 
two ideas on each are better than one chart with ^ix 
ideas, some of which are obscured. 

A good chart is attractive but not gaudy. If colors are 
used, they should be harmonious and not too numer- 
ous. Colors are especially useful in hi^ighting 
important factors on the chart, but if they are too gaudy 
and too many colors are used, they become th^ 
important factors and the really important data is lost 

It is imperative that the data portrayed on charts b' 
accurate, timely, and clear. Charts are of great value in 
hdping a reader arrive at conclusions, but they cannot 
take the place of careful study of a pmblem. A chart is a 
means to an end and not an end in itself. 

Just as in the case of tables, there are some prelimin- 
ary plans to be made and some basic rules to follow in 
chart development. Your planning includes recognizing 
the point of view of the reader, selecting the type and 
size of chart, arranging the items, considering the 
essential use to which the chart will be put, and, most 
important, selecting the portion of the study to 
highlight. Considering the point of view of the requestor 
should not be dif flcult. In most isntances, you produce 
charts for a commander, staff o^cer, or flrst line 
supervisor. The requestor briefs you on the purpose of 
the chart, the type of brieflng or meeting where it will be 
used, and the people who will see it. Frequently, the 
requestor specifles the type and overall size of the chart 
desired. In most cases the individuals who are request- 
ing graphic artwork realize that you are the specialist 
and ask your opinion or leave the entire project in your 
hands. 

Every Air Force chart should conform to a few basic 
ground rules, regardless of the type of chart. Figure 1-4 
illustrates the essentials to follow. 

a. Title — Follows the same rules as does the title for 
a table, and tells, in brief and speciflc terms, the what, 
where, and when. 

b. Scale or Range of Values— Listed on the left side 
of the chart or graph, it shows the unit of measurement 
and numbers. The scale caption must be shown also. 

c. Items Being Charted— Identifled at the bottom of 
the body of the chart, these items may be such matters 
as aircraft, months. Air Force leases, etc. The name of 
each item is centered immediately below the line or 
space where its value is plotted. If more speciflc values 
than can be read from the chart are desired, these values 
may be placed under the name of the item. 



d. Legend^Identifles the data plotted on your chart 
or graph; the more types or trends of data on a chart, 
the more essential your legend is. The different types or 
trends of data shown on a chart or graph need distin- 
guishing markings so that the viewer can compare the 
items presented. In l^end block you associate each 
mark with a particular type or trend or data. For 
examkple, a line chart, showing the monthly cost of 
operating a base, may show four types of data relating 
to cost: a total cost line, payroll cost line, cost of 
supplies line, and miscellaneous cost line. You may 
differentiate these lines by dashes, dots, solid lines, 
colors, or a combination of them so your viewer can 
accurately distinguish the different types of data shown. 
Your legend block usually goes in the lower right comer 
of the chart. Locate it within the body of the chart itself 
when possible. If, as in some cases, data has to be 
shown in that area, place the legend block below the 
body of the chart on the right-hand side or in some 
other convenient location. 

e. Source Data— Located in the lower left of your 
chart, as in a table. Indicating the source of your data is 
esential. Without it your chart loses validity. 

/. Preparation Information— Shows the data and 
the agency (OPR) that requested the chart. Give the 
preparation date and the prepared-by element (probably 
the requestor's offlce symbol or title) in the lower right- 
hand comer of the chart. 

Choosing a Scale. The proper selection of a scale is 
imperative in the construction of graphs and charts. 
Without the proper scale, the most elaborate chart can 
be ineffective because its construction is out of 
proportion, it loses eye appeal, and more important, it 
gives the wrong impression of the data to its viewers. As 
we have recommended in tabular construction, rough 
drafts are highly dt>vable for planning puposes and 
essential in the planning of charts. Scales are especially 
difflcult to design if you haven't tried them out on 
rough sketches. Usually, scales start in the lower left- 
hand comer. The vertical lines are normally reserved for 
plotting items. The horizontal lines are arranged along 
the left-hand vertical lines. 

One of the flrst things to consider in selecting a scale 
is the range of values. The lowest line on a chart is 
almost always zero. This means that the larger the range 
of values, the taller the flnished chart will be. Since 
many statistical charts show flnancial conditions, we 
shall use doUan as our example in determhiing the 
scale of a chart that is to show the cost of operating an 
Ail' Force base. Assume that the highest cost for 
operating the Air Force base for 1 month is $3,500,000. 
Good chart design (except for percentage surface charts) 
requires that the top line exceed the highest value anti- 
cipated by a sufflcient margin to leave a blank space 
between the largest value to be plotted and the top line 
of the chart. Since even numbers are more rapidly 
grasped than odd numbers, let the top line represent 
4,000,000. So, actually, the range line of your scale is SO 
to S4,000,000. 

Since it would be practically impossible to design a 
chart with four million horizontal lines, each 
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Fifure U5. Choosing a scale. 



because of its intended use, using the 1-inch (25.4mni) 
scale will certainly make the job much simpler and, 
therefore, faster. 

You have decided to use intervals of $250,000 for 
each /ertical inch on the chart. It is now time to examine 
the horizontal lines. They serve, you*U recall^ two 
purposes— they help you plot the data and they help the 
reader assign a value to each plotted point. By making a 
rought draft of the chart, yoa can find out whether the 
reader needs lines at intervals of $250,000. Perhaps the 
values of the data make it more advisable to have heavy 
horizontal guidelines at intervals of $500,000 instead. 
The two choices are partly contrasted in figure 1-5. As 
you can see, the chart on the right of the figure can be 
more quickly and easily read. 

A glance tells you that the $500,000 interval is much 
easier to read. The intermediate lines at the $250,000 
intervals help the reader evaluate the data plotted 
between any two horizontal lines, and, of course, these 
lines must be there if you follow your $250,000 interval 
scale. 

The point(s) to be learned from this little discussion 
are these: use only as many guidelines as are needed for 
a quick comprehension of the values charted; the more 
heavy lines there are, the more confusing the chart 



representing a dollar (also very needless), you must 
compress the scale to some convenient multiple of 
dollars. To do this, examine the data to be charted and 
And the most helpful intervals to use. You will find that 
intervals of $250,000 are very convenient (any other 
values within reason could be selected depending upon 
dollar breakout desired). If you use $250,000 as the 
major interval on the scale, you need 17 horizontal lines 
($4,000,000 - $250,000 = 16, plus 1 for the zero 
line = 17). 

At this point, you must plan the size of the chart. It is 
much easier to let the size of the scale dictate the height 
of the chart than it is to try to flt the scale into a 
predetermined height. If you let I inch (25.4mm) equal 
$250,000, then the height of the chart will be 16 inches 
(406.4mm) (not counting the title, legend, source, etc.). 
If you had already decided to have a chart 15 inches 
(381.0mm high, then 0.9375 inches (23.8mm) or 15/16 
inch would represent $250,000, and you would probably 
have a measurement problem. You can see that unless 
the overall physical size of the charts needs to be smaller 
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Figure 1-7. DoUan in millions. 

becomes. On the other hand, if the critical values are 
not indicated by a sufficient number of guidelines, the 
reader has difficulty in assigning values to the plotted 
data. 

Return to the scale in figure 1-S. If you look at the 
distribution of values along the scale, you notice at once 
that it is cluttered up by zeros which add length to the 
values. The zeros also take up space that could be used 
in the body of the chart itself, and they add work for the 
graphics specialist. You can eliminate many of these 
zeros if you show them in another way in the scale 
caption. If you head the scale as "Dollars (thousands),*' 
as shown in figure 1-6 you can eliminate the last three 
zeros from each value. The scale is now more easily read 
and is almost as easily understood. You can further 
improve (and it is even more easily understood), by 
giving it in millions of dollars, as shown in figure 1-7. 
This is probably the best scale to use because the reader 
does not have to convert the three thousand five 
hundred, etc., mentally into three million five hundred 
thousand, etc. You will find examples of the effective- 
ness of this method of compressing scales in other 
figures in this section. 

Normally, scales should always start at zero. 
Although you may save a few cents worth of drawing 
board by starting p'lrt way up the range of values, you 
usually mislead your reader by doing so. You do not 
show the entire range of values when you start at some 
intermediate point. You also can create a false 
impression if you show data on a bar chart in this 
manner. Figure 1-8 illustrates how misleading a con- 
clusion can be when it is drawn from a chart that starts 
above the zero value. 

In the chart on the left in figure 1-8, column A 
appears to be five times the value of column B. Column 
B gives the impression of representing a very small 
quantity as compared with quite a large quantity for 
cdumn A. In the chart on the right in figure 1-8, 
column C appears to be twice as high as column D, and, 
in fact, it is* Column D appears to represent quite a few 
items, and it does— 200 in fact. 
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Figure 1-S. 



The facts in figure 1-8 are that column A and column 
C each represents 400 items and column B and column 
D each represents 200 items. When 200 is compared to 
400 on a well-prepared chart with its values starting at 
zero, the true relationship between them is readily 
apparent (right side of fig. 1-8). If 200 and 200 are 
compared on a chart with its values starting at ISO, the 
true relationship is lost, viewers get a distorted picture 
of the data. The fact that the scale is there to be read 
does not lessen the deception conveyed by the chart on 
the left. 

. Another device to avoid is the split scale. This scale is 
usually divided somewhere toward the upper end and is 
resumed after a part of the values have been omitted. 
This device is sometimes used when the range of values 
is large. You can avoid it by using a more cleverly 
designed scale. Figure 1-9 shows how split scales give a 
false impression. 

In the chart on the left in figure 1-9, column B does 
not appear to be three times the value of column A 
because the scale jumps from 80 to 200. All of the 80 
items are shown in column A, but 120 items are missing 
from column B. In the chart on the right in figure 1-9, 
you get th^ correct impression because column D is 
actually three times as high as column C. Column A 
compared with column B does not give the correct 
impression. 

The intervals you select for your scale should be 
directly related to the data you are going to chart. The 
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smallest vai^e to plot is frequently the determining 
factor. If you have no values smaller than 100 units, 
there is not much point in selecting a scale interval of 5 
units. On the other hand, if a number of values axe 
below 25 units, you will have difficulty in plotting them 
if you use a scale interval of 50 units. 

Another controlling factor in the selection of ar 
interval is the variation of the values you are charting. 
Suppose, for instance, that the values you plan to chart 
*are A = 5, B = 7, C = 9, and D = 13. The differences 
are slight. If you use a large interval, the variations 
among the columns will be lost, and accurate plotting 
will be impossible. This situation requires a scale 
interval of one unit, and also requires that a 
considerable amount of space be allowed for each unit. 
Figure 1-10 illustrates the correct use of a small interval 
when the variations in the data are small. 

On the other hand, if your values are A = 175, B = 
225, C = 300, and D = 350, you should use a fairiy 
large interval and a small amount of space for each unit. 
Figure 1-1 1 illustrates the correct use of a large interval 
when the variations are large. 

Although the charts you prepare will not normally be 
used to measure values accurately (no one will measure 
the height of a bar with a pair of calipers), they should 
be reasonably accurate in order for the comparisons 
shown to be realistic. This means that you mlust use 
some convenient measure of distance in the initial 
layout of the chart. If you plan to use a scale with h 
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Figure i-10. Small scale intervals for small values. 



inch (19.05mm) equal to one dollar, you are asking for 
trouble if you have such amounts as $167.75 to chart. It 
is much better to get yourself an engineer's scale 
showing tenths of an inch so that you can lay out your 
scale in multiples of ten, which are easier to compute. 
Another satisfactory alternate is to use centimeters, also 
based on multiples of ten. 



Exercises (401): 

1. Which tyf>e of table is best for presenting data 
coveriiig A broad range on a specific subject? 



2. Which type of table is best suited for highlighting 
specific information about a specific subject? 



3. Give the six major elements of the body of a table. 
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Figure Ml. 



1*3, Display Charts and Graphs 



To display information in a simple, easy-to-read 
manner, various types of charts can be constructed. You 
may be given the basic data in tabular form with the 
chart selection left entirely up to you. If this is the case, 
make every effort to choose a type of chart that will 
show clearly and simply the desired information. 

Remember that a particular type of chart often does 
one particular job better than another type of chart. For 
example, line charts are used generally to compare 
numericid data for one or several items over a period of 
time. Bar charts show numerical data for different items 
at the same time. Pie charts show the divisions of a 
whole quantity into several parts. Flow and organiza- 
tional charts show the classiHcation of different objects 
or the cause-and-effect between two incidents. In this 
section, we will discuss some of the constructio: 
techniques and the advantages and disadvantages of 
each of the Hve types of charts mentioned. 



402* Differentiate between the nses of bar, pie, line, 
flow, and organizationa! charts. 



Bar Charts. The bar chart is probably the best known 
and the best adapted to show comparisons by size. As its 
name implies, the data is represented by bars or 
columns. The arrangement of the bars may vary 
according to the impression the analyst wishes to make. 
The conventional arrangement is to have the bars extend 
upward or grow from the base line at the bottom of the 
chart. This arrangement is called a vertical bar chart. 
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4. When data is portrayed on charts, how must it be 
presented? 



5. What is the first thing to consider when you are 
selecting a scale? 



6. Horizontal lines on the scale of chart serve what 
two purposes? 



7. Why should scales always start at zero? 
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Figure 1-13. Well-conitructcd bar chart. 



Frequently, in charts that show distances, horizontal 
bars are used. The bars extend horizontally across the 
chart from a base line either on the left or on the right 
side. The scale of values is arranged along the Ipwer 
border or along the upper border. The upper location is 
preferable. It is generally undesirable to drop the bars 
from the top of the chart. 

Sometimes you can use a split bar when you want to 
compare two portions of the same item in a chart 
comparing several items. On other occasions, you can 
subdivide each bar into segments, representing a 
fractional value of the entire bar. Set off such segments 
with colors, heavy or light lines, or cross-hatching. 
Actually, the arrangement and the treatment of the 
columns in a bar chart are almost without limit. But 
remember that, quite often, the more you put on a 
chart, the less effective it is. 

The appearance of a chart is very important. An 
interestingly prepared chart attracts and holds 
attention, but a poorly prepared one generates mdiffer- 
ence. By following c^^rtain basic principles and rules, 
you can always prepare an interesting phart. 

Figure 1-12 illustrates a poorly constructed bar chart. 
Some of the obvious errors are errors of omission. The 
title is inadequate and can be interpreted in several 
ways. The bars are arranged without regard to size, 
making any direct comparison difficult if not 
impossible. The horizontd lines are not properly 



identified, and the authenticity of the data is open to 
question because the source is not indicated. It is 
impossible to tell who prepared the chart, when it was 
prepared, or what period of time the data represents. 
The tallest bar does not approach the top of the chart, 
producing poor artistic balance and making it almost 
impossible for a viewer to see the true comparative 
values. 

Figure 1-13 illustrates a well-constructed bar chart of 
the same data shown in figure 1-12. The title tells what, 
where, and when. The scale is property identified, and 
the lettering is clear and in a horizontal plane. A person 
does not have to turn the page sideways to read the titles 
of the bar items. The bars have been arranged in a 
descending order of magnitude, making it easy for a 
viewer to make a rapid, direct visual comparison 
between the several bases. All the descriptive matter on 
this chart, except the scale headings and source data, 
has been centered. This makes the chart neat and 
attractive. Every fifth scale line is darker so that you can 
better read the bar values. 

The spacing between the bars in figure 1-13 is equal 
tc the width of a bar. Generally, the space between bars 
should not be less than half a bar in width. It is difficult 
to read a chart that has a tall, narrow bar beside a short, 
broad bar. The arrangement of the bars requires your 
careful consideration. In this respect, the same rules 
apply to charts as to tables. You may arrange the data in 
ascending or descending order of magnitude. You may 
arrange it graphically, alphabetically, or chronologi- 
cally. You may arrange it according to the emphasis 
desired or by some customary classification. In a bar 
chart, however, the arrangement is more critical. 
Comparison and contrast are more important in most 
cases than are other considerations, with balance and 
appearance a close second. Some arrangement by 
m?anitude usually is preferable. 

Frequently, for special purposes, it is desirable to 
show an average performance on a bar chart in addition 
to other statistical data which might otherwise have to 
be presented in a separate table. Figure 1-14 illustrates a 
descriptive bar chart with a stub containing detailed 
information, a bar chart for comparisons, and a dotted 
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line indicating the command average. This chart 
approaches the point where additional items will render 
it ineffective because of its complication. But as it 
stands, it presents in an attractive way a lot of 
information in a small space, on one piece of paper. 

The same information can also be presented in two 
other types of bar charts. Figure i-lS illustrates the 
same data on a chart using a split bar, and figure 1-16 
displays this data by subdividing the bar into segments. 
Figure 1-15 is not as effective as are the other two charts 
because tiiere are too many bars. They are easy to 
compare within each base but not easy to compare when 
you include all four bases. 

Figure 1-16 is effective if you want to compare the 
totals of each base with each other base. It is not easy to 
compare the size of the maintenance segment of any one 
base with the maintenance segments of the other bases. 
There is an advantage^ however. The proportion of each 
segment as related to the other segments within any one 
bar is readily apparent. The ratio of any segment to the 
whole bar containing it is also obvious. 

The command average shown in flgure 1-14 is not 
very effective because there is some doubt as to what the 
average represents. It is more effective in flgure 1-lS but 
is the most effective in flgure 1-16. In the design of a 
chart like flgures 1-lS and 1-16, you may pay some 
attention to the organization of the columns and to the 
listing of statistical data under each column. The bases, 
or items, are listed in an overall descending order of 
magnitude in both instances. This order could be also in 
an ascending sequence. 

In flgure 1-lS, the components of the columns are 
given in a descending sequence of the elements 
comprising the range of data. The bars for each base are 
arranged in exactly the same order. This is essential for 
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ngure 1-17. Pk chart (comp«iiiit ttm). 



uniformity within the chart and for easy location of any 
speciflc bar. However, it is not always possible to have 
an overall descending sequence of bars within every 
column. Sometimes the data just doesn't show up that 
way. For example, the "order" bar for Jones Air Force 
Base could have had a value of 2.0 and the "main- 
tenance'' bar only 1.0. If you have such a problem, it is 
best to arrange the components so that most of the 
colranns are similar in general outline. 

Do not rearrange the sequence of isolated columns to 
get a uniform outline because such rearrangement will 
upset the general pattern of the chart and destroy its 
uniformity. The arrangement of the statistical data 
under each base's column must follow the same 
sequence as the bars that represent the data. The same 
rule applies to the order in A^hich the items of the legend 
are presented. There must be a direct relationship 
between the sequence of the bars, the statistical data, 
and the legend. 

In flgure 1-16, the sequence of the components of 
each bar differs from the sequence in flgure 1-lS. In this 
type of chart, the largest item should be at the bottom of 
the bar, the next largest on top of it, and so on with the 
smallest value at the top of the bar. Once again, it may 
not always be possible to have the same overall outline 
because the magnitude of each component will not 
always bear the same relationship to the total in each 
case. 

It is best to arrange the segments of the bars so that, 
in most cases, the rule will apply. Once you have 
established a sequence, do not change it. The arrange- 
ment within the legend should follow the same pattern. 

For artistic balance, the larger areas at the bottom of 
the columns in a chart like flgure 1-16 should be the 
darkest. The tones or colors should get lighter as they 
approach the top of the bar. In a chart like flgure 1-lS, 
the tallest bars should be the lightest in color or tone and 
the bars should get darker as they get shorter. If you 
cannot place the legend in the lower right of the chart, 
locate it over the shorter bars. The tallest bars will 
balance it out and the chart will have a more pleasing 
appearance. 

Pie Charts. The pie chart is an excellent method of 
presentation within its limitations. It is a popular 
method, and in its fleld it is fully as effective as a bar 
chart. In comparing the parts of the whole, the pie chart 
is effective and is equally effective in comparing the 
parts of a whole with each other. 

Be constantly on guard against making charts that 
are difflcult to interpret at a glance. Two- and three- 
dimensional comparisons are difflcult for the human 
eye to comprehend. For this reason, a comparison of 
size by means of circles (pie charts) is undesirable. 
Comparisons of size are done best by bar charts. 

Figure 1-17 illustrates the difflculty of comparing size 
by pie charts. This flgure is comparing SSOO and SlOOO. 
In the upper half, the diameter of the $1000 circle is 
twice the diameter of the SSOO circle, but to the eye, the 
SlOOO circle appears to be much more than twice the size 
of the SSOO circle. The eye is right; the area of the SlOOO 
circle is four times the area of the SSOO circle. In the 
lower half of flgure !-17, the area of the SlOOO circle is 
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Fifure 1-18. Percentile breakdown— pie chart. 

twice that of the $300 circle. But in this case» the eye is 
deceived because the SSOO circle does not appear to be 
half the size of the $1000 one. 

Pie charts are most effective when they stand alone 
and represent 100 percent of the item under consider- 
ation. If you must use more than one pie chart on the 
same presentation^ make them the same size each repre- 
senting 100 percent of the subject. 

The manner of presenting a percentage breakdown is 
illustrated in figure 1-18. In this figure* there are five 
components comprising the 2000 units in the total. The 
circle itself represents 100 percent of the amount being 
illustrated which is 2000 units. The five components 
represent 1S0» 300» 400» S00» and 6S0 units* respectively. 

The first step is to determine what percent of the 
whole each component represents. By simple division 
(the part divided by the whole)» you find that: 

i;o « 7.5 
300 - 15.0% 

400 ^ 20.0% 

500 - 25.0% 
650 " 32.5% 

2000 - 100.0% 



The next step is to find how many degrees of the 
circle you will need to represent each percentage. There 
are 360^ in a circle* so 3.6* represents 1 percent. Multiply 
each percentage by 3.6^ to solve this problem: 

7.5 X 3.6 - IV 
15.0 X 3.6 - 54« 
20.0 X 3.6 - 72» 
25.0 X 3.6 - 90* 
32.5 X 3.6 « 117* 
100.0 percent « 360* 
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Fifure 1-19. Color tegment distribution pie chart. 

If you use a compass and a protractor* it is a simple 
matter to lay out the segments of the circle to represent 
each of the component parts. Draw a r^d:us from the 
center of the circle to the point on the circumference 
where 12 o*cIock would be if the circle were the face of a 
clock. Lay out the largest segment to the right of the 
radius. Arrange the remaining segments in a clockwise 
sequence will appear to the right of 12 o'clock, and the 
smallest segment will appear to the left of 12 o'clock. 

You can color each segment and use a legend to 
identify each element. It is customary, however, to label 
each segment and give its value on the chart itself. This 
method is illustrated in figures M8 and M9. 

A pie chart is effective in presenting a distribution of 
costs. In figure 1-19, an Air Force base reported a distri- 
bution of costs of services in terms of 1 dollar. The 
individual items of 70 cents, 16 cents, 10 cents, and 4 
cents total 1 dollar. The illustration shows that the base 
payroll represents 70 percent of the total operating 
costs. Supplies represent 16 percent of the total 
operating cost, miscellaneous costs are 10 percent, and 
contractual services cost 4 percent. If the total dollar 
c^sts are $S00,O0O, it is fairly easy to compute the total 
dollar cost of each segment. 

Line Chartt. The line chart is a simple, effective 
means to present events that have occurred over a 
period of time (time series). A time series can be either 
cumulative or noncumulative. 
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For example, suppose you plan to use a line chart to 
show the number of flying hours each month. You can 
construct a chart that shows, for several months, the 
total number of hours flown each month (non- 
cumulative). A line chart can also show more than one 
variable and can show an average or desired rate line. 

A line chart sometimes is called an historical curve, 
because it describes data over a period of time. A bar 
chart has a definite break between each bar, but a line 
chart runs continuously from point to point with no 
breaks at all. 

Since the eye can follow a line naturally and easily 
from one point to the next, the line creates an 
impression of data moving through time and the 
magnitude of the data. Some of the line charts arc 
broken curves, smooth curves, and step curves. 

Figure 1-20 shows a broken curve chart. The poin^f 
represent quantities for each month and are connected 
by straight lines. This data is noncumulative, or point 
data, which means that the values plotted for each 
month represent only the total for that individual month 
or point in time. 

When you read a chart of this type, keep in mind that 
the lines between the plotted points are only connecting 
the points. They establish the direction in which the data 
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is moving and have no other value. For instance, in 
figure 1-20 there are 60 cases iu August and 50 in July. 
Halfway between these two months the^urve crosses a 
point representing the quantity of 55 on the vertical 
scale, but this does not mean the 55 airmen were 
graduated from on-the-job training at this time. The 
curve, or line, only carries the eye from point to point, 
creating the impression of a movement through time. 

In this type of line chart, as in all other charts, it is 
essential for the plotted data to be as of the same day of 
the month for each month. If different dates arc used 
for the various months, the fluctuations revealed by the 
line are not true. 

Figures 1-21 shows cumulative data in the form of a 
smooth curve. The plotted points in this case arc 
running totals. The point total for July (50) has been 
added to the point total for June (50), giving a 
cumulative total of 100. The 100 is plotted on the chart 
for July. In August there were 60 graduates, or a 
cumulative total of 160. The 160 is plotted on the chart 
for August. 

From a cumulative chart, you can read intermediate 
values from the smooth curved line— that is, if gradua- 
tions take place on an almost daily basis. If airmen are 
graduating from the on-the-job training program every 
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Figure 1-22. 



day, you can determine that on 1 July there were 75 
cumulative graduates. The curved line in figure 1-21 
crosses the point representing 1 July at the scale value 
of 75. 

Cumulative line charts are very effective in illus- 
trating the growth or decline of any activity. They also 
are valuable for control purposes when they are main- 
tained on an as-it-happens basis in conjunction with a 
preplotted average or ideal rate line. 

For example, figure 1-22 is a gasoline consumption 
chart prepared for the motor pool. The funds allotted 
for the fiscal year will buy 300,000 gallons of gasoline. 
Because of snow removal and other heavy winter 
demands, the ideal rate of gasoline consumption is high 
for the winter months and low for the summer months. 
The ideal rate line is the goal to be achieved if the motor 
pool is to stay within the 300,000 gallons available. At 
the end of each month, the total gallons used that 
month arc added to the previous cumulative total and 
arc plotted on the chart. 

A glance at the chart will show you that the motor 
pool is using too much gasoline. Unless economy 
measures arc enforced, the gasoline available for the 
rest of the fiscal year will be less than the anticipated 
need. A chart of this type is of more value than a bare 
statement of facts, because on the chart the dangerous 
trend is readily apparent. 

A step curve, shown in figure 1-23, is limited in use. 
If the changes are known to be abrupt, a step curve is an 
effective means of presentation. The disadvantage of a 
step curve is that the trend, or feeling of movement of 
the data through time, is lacking. Even more objection- 



able is the fact that, when two or more series are plotted 
on the same chart and the lines cross or fall on the same 
vertical or horizontal grid line, the reader is confused, 
and the chart loses effectiveness. 

Line charts showing more than one variable are 
effective in showing data on similar subjects. The entire 
airman training situation is illustrated in one chart, as 
shown in figure 1-24. This chart shows end-of-month 
data on how many airmen are in ou-the-job training and 
formal schools and the total of both. One chart takes 
the place of three. The statistical data is shown in the 
stub at the bottom of the chart. This type of chart is 
most effective when the number of variables is limited 
to two or three and when the differences in their values 
are sufficient to separate the trend lines enough for easy 
reading. 

Before leaving the subject of line charts, we must give 
you some information about the selection of scales. The 
general rules which were discussed in the early part of 
this section apply also to line charts. 

The spacing to be used for the items across the 
bottom of the chart has not been discussed. In column 
or bar charts, this spacing is not so important, but in 
line charts it is. Generally, if the chart is divided into 
squares, the proportions will be satisfactory because the 
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Figure 1-25. Ratios (1-1). 
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Figure 1-26. Ratios (2-1). 
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Figure 1-27. Ratios (1-2). 



distance from the zero on the scale to the horizontal line 
for the first major value should be the same as the 
distance from the zero to the first vertical line 
representing a month or other unit being charted. 

Figures 1-25, 1-26, and 1-27 illustrate the impressions 
given when the distances between the items vary. In 
these three figures the data is the same, and the scales 
are the same. Only the space between the items has 
changed. In figure 1-25, the ratio of scale space to item 
space is 1 to 1, resulting in squares. In figure 1-26 the 
ratio is 2 to 1, and in figure 1-27 the ratio is 1 to 2. 
Figure 1-26 gives the viewer the impression that the 
fluctuations are sharp and the variability is great. Figure 
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Figure 1-28. Flow chart. 



1-27 gives the viewer the impresrion that the 
fluctuations are gentle and that the varialUity is small. 

It is possible, by a clever manipulation oi the ratio of 
the scale distance to the item distance » to make data 
seem to be almost smooth though it actually fluctuates 
widely. Conversely, data that is smooth can be made to 
appear to fluctuate sharply. Be constantly on guard 
against distorting facts by a poor choice of distances on 
line charts. 

Flow Charts. The flow chart is used primarily for 
showing the progressive steps of an operation. It is used 
in manufacturing, for example, to point out operational 
steps in a production line. It is a clear way of explaining 
the procedural steps of a functional unit to the 
uninitiated. The flow chart is used to great advantage by 
the military. 

Figure 1-28 illustrates the many steps in supplying an 
Air Force organization. By following this chart, you can 
understand the procedure, from the original letter 
activating the organization to the actual receipt of the 
necessary supplies. The chart designer knew that 
balance was necessary if the result was to be clear and 
pleasing to the reader. Numerous rough drafts were 
made and several types of lettering were tried before the 
chart was completed. 

To get a better understanding of a flow chart, look 
again at flgure 1-28 and follow the steps. Take, for 
example, the movement of supplies portion. At the top 
of the chart the Department of the Air Force initiates 
the original letter of activation which is submitted to the 
Air Force Logistics Command. From this point, 
shipping directives go to the Air Force depots 
concerned, i! is then the responsibility of the Air Force 
depots to forward the required unit mission equipment 
to the base supply officer who, in turn, must see that the 
equipment reaches the proper organization. Because 
supplying a newly activated organization is such a large 



operation, you can expect that many items will be 
overlooked. If this occurs, the chart shows what action 
to take. The unit will submit a requisition to the base 
supply offlcer for the property omitted in the initial 
automatic distribution. 

Follow the chart down the opposite side which 
concerns authorization for the unit equipment and note 
the ease with which you can follow every move* In 
comparison, try to explain the same operation verbally. 
Try to use words that describe every step adequately 
and, at the same time, are as easily understood as the 
chart in flgure 1-28. 

Organizational Charts. In every industrial, commer- 
cial, educational, and military organization, it is 
necessary to show each individual his or her authorized 
duties and responsibilities as they relate to others. The 
organizational chart is the most common one for this 
purpose. This chart consists of blocks representing the 
various offlces arranged so that their placement shows 
the relative position of each offlce. 

Figure 1-29 is an example of an organizational chart 
for a maintenance unit. Note that the largest block 
shows the name of the unit. In the line of command, 
three shops are shown. Under each of these are several 
blocks in which sections of workers can be shown. The 
block above shows the offlce to which this unit is 
responsible. Notice that the two staff functions- 
administration and inspection— are not in the line of 
command. 

It is not easy to establish standard ways of construct- 
ing organizational charts. Many offlces and commands 
insist on very exacting formats. But the following basic 
rules are followed in most units: 

a. On any individual chart, show one level above and 
two levels below the primary organization or person 
being charted. 

b. Use a rectangle to represent a unit or a person on 
the chart. Use straight vertical and horizontal lines to 
show the command or authority line. 

c. Make the rectangle representing the person or unit 
around which the chart centers the largest one on the 
chart. The rectangle above and the ones below the key 
flgure should be smaller. The rectangles on each lower 
level become one size smaller. 

d. Show the rectangles on the same level of equal size 
and on the same horizontal line. 

e. Normally, the authority or command lines enter 
each rectangle at the center of the top and leave at the 
center of the bottom or from the left of the rectangle. 
Command lines do not run through a rectangle. 

/. Normally, staff units or personnel are placed 
under the person or unit that they serve and above the 
line units. If there is only one staff unit, it is usually 
placed on the right. 

In addition to an organizational chart showing only 
the offlces in a chain of command, there are two other 
types of organizational charts. In a functional 
organizational chart, each major area of work is shown 
under the offlce name. Since these statements of 
function require additional space, the blocks and the 
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ADMINISTRATION 



V6HICLF &P.G E 
REPAIR SHOP 



VEHICLE & POWERED GROUND 
EQUIPMENT BRANCH 



BODY & WELDING 
SHOP 



INSPECTION 



LUBRICATION AND MISC 
REPAIR SHOP 



-r 



m: 



Figure 1-29. Organizational chart. 



entire chart may have to be larger than that shown in 
figure 1-29. 

Sometimes an ofnce or unit needs a chart showing 
the place of each worker and supervisor. Such a chart is 
usually called a personnel chart or placement chart. 
Though these charts may require many more blocks 
than a plain organizational chart* the same basic rules 
should be followed. 



S. What type of chart can show authority and 
responsibility as it relates to one individual? 



6. What impression does the line create on a line 
chart? 



Exercises (402): 
1. What chart is best suited to show size comparisons? 



2. What is the most effective chart for comparing 
parts of a whole to the total? 



3. What chart is sometimes called a historical curve? 



7. Why is the appearance of a chart important? 



8. What is one of the first steps in constructing a pie 
chart? 



9. How do you determine the percentage of a section 
of a pie chart? 



4. How is the flow chart used primarily? 



10. How do you determine the amount of degrees that 
are necessary to represent each percentage of the pic 
chart? 
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CHAPTER 2 



Project UOL I 

Pro j oclional Design 



WHEN THE ORIGINAL illustration is to aid com- 
munication » the illustration may be produced in any 
medium and with any technique that is effective for the 
presentaton. For example, if a chart is to be used by a 
commander lo present information, it can be produced 
in the mosi suitable medium and by the techniques that 
effect the desired results. Since there are few restrictions 
on the media and techniques that may be used, there is a 
large selection ft<, ^- which to choose the appropriate 
media and techniques for the occasion. 

When more than one copy of the illustration is 
required, the method of reproducing the needed copies 
must also be considered in selecting the media and 
technique used to produce the original illustration. The 
method and process of reproduction may limit the 
number of media and techniques that can be used to 
produce the original illustration. Therefore, you must 
know something about the various methods and 
processes of reproduction to be able to select the most 
appropriate medium and technique for any illustration 
that must be reproduced. The information on printing 
processes and on the most important methods of repro- 
duction presented in this chapter should give you this 
basic knowledge. 



2*1. Methods of Reproduction 



Copies of illustrations or drawings are often needed 
for work copies, samples, information, and Hie copies. 
In many cases you will be the one who makes these 
reproductions, using available reproducing machines. 
The two most common reproduction methods are 
diazotype and dry electrostatic transfer. 



403. Contrast the wet and dry process methods of diazo 
reproduction. 



Diazotype. Diazotype reproduction is possibly the 
most versatile and effective nonphotographic reproduc- 
tion process. The process is simply a contact exposure of 
a light-sensitive paper to ultraviolet light through a 
translucent original (master). Development is a one-step 
alkalizing process that takes place in a single automatic 
machine; it exposes the light-sensitive paper» ejects the 



original or master, and develops and dries the reproduc- 
tion copy. The resulting print (reproduction copy) is 
positive; that is, light and dark areas correspond to the 
master. (In a negative print, light areas become dark 
and the dark areas become light.) 

When you make a drawing that is to be reproduced 
by diazotype reproduction, the paper you use (the 
master) must be translucent or transparent. Generally, 
the drawing is not inked; however, inking may be done 
if a particular situation requires it. 

Basic techniques of producing diazotype images. 
There are two basic techniques of producing dia? otype 
images, each requiring specialized processing equipment 
and noninterchangeable senstitized materials. The 
systems are called dry developing, or ammonia 
developing, process and semidry, or moist developing 
process. The ingredients or chemical makeup of both 
processes are basically the same. They consist of a 
diazonium salt and a coupler. The diazonium salt, 
commonly called diazo, and the coupler are coal tar or 
petroleum derivatives that combine to form a dye. The 
formula of the coupler determines the color of the dye 
image. The diazo is the light-sensitive component of the 
formula. The large variety of compounds that fall into 
the diazonium salt and coupler groups allows a wide 
span of exposure and reaction times and variety of dye 
images. 

Developing processes. The process is simple for 
developing both dry and moist diazotype reproductions. 
The reproduction cycles for both processes are shown in 
figure 2-1. When ultraviolet light strikes the diazo 
through the translucent portion of the master, the 
normally yellowish diazonium salt undergoes a chemical 
change and becomes a new, colorless, inactive 
compound. In the ammonia (dry) developing process, 
both the diazo and the coupler are included in the 
sensitizing formula that is stabilized by a mild acid to 
prevent premature coupling. In the moist developing 
process the diazo is on the paper, and the coupler is in 
the developing solution. 

After exposure through the translucent master to 
ultraviolet light, the master is ejected from the machine 
and the exposed paper conveyed to the developing 
portion. In the ammonia (dry) process the exposed 
material (diazo and coupler on the paper) is passed 
through an aqua ammonia vapor where the stabilizer is 
counteracted by the alkalinity of the ammonia. The 
diazo that has not been exposed then combines with the 



ERLC 



22 

291 



DEVELOPING CHAMBER 
(AMMONIA VAPOR) 




AMMONIA DEVELOPING DIAZO PAPER 

DRY OR AMMONIA DEVELOPING DIAZOTYPE 




REPRODUCTION SEMI -DRY OR MOIST DEVELOPING DIAZOTYPE 

Figure 2-1. 
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coupler to form a dye image. In the moist developing 
process, the exposed paper is moistened by the alkaline 
developer solution that contains the coupler. Where the 
diazo was unaffected by the light, a dye image is 
formed. 

At this time, the dry (ammonia) process is used more 
extensively. The ammonia process has a larger variety of 
compounds and is somewhat more versatile than the 
moist process. However, the moist developing process 
has the advantage of not emitting ammonia odors. Both 
processes are capable of producing high-quality prints. 

Second originak. Since the translucent paper on 
which the original (master) drawing is drawn wears out 
after a few reproduction copies are made, a "second 
original" is often made. This second copy is made on 
special foils or acetate (both translucent) coated with the 
same substance as that used on the light-sensitive 
reproduction copy paper. Because the material used for 
the second original is much more durable than the paper 
of the original, many more reproductions can be made 
by using the second original as the master. 

Diazotype reproduction in general. Diazot>'pc repro- 
duction produces a positive print that is quite stable on 
hard-fmish papers, plastic-coated papers, and acetate 
sheets. There is a tendency for the print on the cheaper, 
softer papers to oxidize slowly. Long storage or 
exposure to heat or sunlight can cause these cheaper 
papers to discolor, and to become brittle, and also cause 
the image to fade slightly. 

The speed at which the ammonia process diazo runs 
is generally faster than the moist developing process. 
There is a wide variation in the running speeds 
depending upon the sensitizing compound on the paper. 
Diazotype reprodurtion paper is available in either 
sheets or rolls of various dimensions. Generally, the 
color of the image is blue, sepia, or red. 



Exercises (403): 

1. What is the difference in the developing process 
between the wet and the dry methods of diazo 
reproduction? 



2. Why are second originals produced? 



404. Cite the advantages of diazo transparencies and the 
method for determining letter height. 



Diazo Transparencies. The diazo transparency is 
probably the most commonly used view graph slide for 
permanent brieflng and training aids. To make your 
projectual transparency using this process, you do your 
basic artwork with black drawing ink on translucent 
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paper. Layout your lettering, using the photo 
composing machine with adhesive-backed 35mm film, 
on an 814 by 11-inch (215.9-mm x 279.4mm) clear 
acetate sheet. This will give you great flexibility for 
changing or rearranging the wording. The adhesive- 
backed photo composing film, used with the clear 
acetate sheet, lets you move words and sentences around 
with a minimum of difficulty and still have a good piece 
of basic artwork. You can also type, using tracing paper 
sheets and reversing the carbon paper behind the tracing 
paper, so that you have a typed image on both sides of 
your tracing paper. 

A handy technique, which enables you to keep all 
your drawings and/or printed matter centered and 
within the aperture of the normal view graph slide 
mount, is to make a view graph slide layout board. Take 
a piece of graph paper, 10 by 12 inches (254.0mm x 
304.8mm), and secure it to a piece of cardboard or scrap 
illustration board. Using a ruling or reservoir pen, lay 
out a 714 by 914-inch (190.5mm x 241.3mm) aperture 
area on your graph paper and mark off the horizontal 
and vertical centers of the aperture area. With the view 
graph slide mount aperture area and the center lines 
marked off on your graph paper, this layout board 
should eliminate problems of overrunning the aperture 
area or getting imagery off-centered. Just place your 
tracing paper or acetate sheet squarely over your layout 
board and secure it with tape. You can see the Hnes from 
the graph paper and your center lines through either the 
tracing paper or the acetate sheets and have a perfect 
reference for building your slide artwork. 

Since the size of your basic artwork is quite large, 714 
by 914 inches (190.5mm x 241.3mm), it is easier to work 
with than smaller slide drawings. You can get more 
detail on the drawing and you can work with a bolder 
stroke. Another advantage in making diazo trans- 
parencies is that you can literally cut out your mistakes. 
If you make a mistake on the tracing paper, you simply 
cut out the incorrect part and tape a new section (using 
translucent mending tape) in its place. 

After your basic artwork is finished, your job is 
practically done. You merely have to place your master 
on top of a sheet of sensitized film and run it through 
the diazo developer machine at the proper speed. The 
diazo machine exposes the master and film to ultraviolet 
light and then bathes it in ammonia fumes. The 
developing process is all done automatically. Lacking a 
machine, you can achieve the same results with a 
sunlamp and an ammonia vapor bath, using a gallon jar 
with a sponge saturated with ammonia in the bottom 
and covering it with a grid to keep the film from 
touching the ammonia. 

The same diazo process adapts to the production of 
color slides. By producing separate film sheets of the 
appropriate colors and assembling them in an overlay, 
you can create a full color transparency. 

Always mount diazo transparencies in commercially 
prepared view graph slide mounts. These mounts are 
usually procured from the same sources as the diazo 
acetate film sheets. The mounted transparencies are 
easier to handle when you are projecting on the screen, 
using an overhead projector, and filing. Use masking 

24 

293 




w • 






Figure 2-2. Sutic projectual. 



tape to secure ypur transparency to the slide mount; 
never use staples. Staples can damage the projectural 
transparency during handling and filing. The 
commercial mount should fit in a standard filing 
cabinet, but if you must trim the mount, leave at least a 
1-inch (25.4mm) margin all the way around the 
projectual to provide the desired rigidity. This type of 
projectual is shown in the upper portion of figure 2-2 
commonly known as a view graph slide. 

When a single graphic unit is too complicated to be 
represented by a single projectual, you can break it 
down into simpler components by the overlay 
technique. You process each overlay sheet separately, 
starting with the basic transparency. Then tape the 
mount of the first overlay to the basic mount so that it is 
hinged on one side and can be folded back away from 
the basic or will lie directly on top of the basic. Continue 
the process until all overlays are in place. If the sequence 
in which the total graphic unit is built up is always the 
same, hinge the overlays on the same side of the basic 
mount. If the sequence varies, then you must hinge 
them on a different side, top, or bottom of the basic 
projectual, as shown in the lower portion of figure 2*2. 



This type of projectual is sometimes called a dynamic 
projectual. 

Registration is the most important factor when 
combining two or more transparencies. It is absolutely 
necessary to make sure that the overlays coincide with 
each other correctly. Registration is done as the artwork 
is completed. As each overlay is completed, registration 
marks are placed in the margin areas outside the 
aperture areas. Align the registration marks on each 
succeeding overlay. This will insure the proper align- 
ment of transparencies as they are taped to the frame. 

Determining Minimum Lettering Height for 
Overhead Projectuals. The minimum height for the 
lettering on overhead projectuals depends on the 
distance of projection and the distance between the 
screen and the farthest viewer. Calculating this 
minimum height is a complex mathematical operation. 
You have to consider such factors as 20/20 vision and 
how much the projected image will be enlarged. There- 
fore, the operating instructions of most projectors 
include such charts as the one shown in figure 2-3 which 
does the calculating for you. All you need to use with 
this chart is a straightedge. Let's see how the chart 
works. 
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Figure 2-3. Height of lettering. 



To design the lettering on a projectual, you must 
know the distance between the projector and the screen 
and the distance between the screen and the farthest 
viewer. Let us suppose that these distances are 14 feet 
(4.2672m) and 50 feet (15.24m) respectively. To find the 
correct height, align your straightedge on point 14 on 
the left scale and on point 50 on the center scale. The 
straightedge then intersects the scale on the right 
between the point .12 and .14, and, as you can see, it 
intersects the scale closer to point .12 than .14. Notice 
that the right scale is also marked off in fractions of an 
inch and that our point of intersection is marked 1/8. 
This 1/8 inch (3.175mm) is the minimum height for the 
lettering on the projectual. Now, you try one, using 30 
feet (9.144 m) for the projection distance and 60 feet 
(18.288 m) for the distance of the farthest viewer. If you 
get 1/16 inch (1.5875mm) for the minimum lettering 
height, you've got the idea. If you did not get that 
answer, try again. 



Exercises (404): 

1 . Give two advantages of diazo transparencies. 
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2. What can you use for calculating the minimum 
heiplit of the lettering to be used on an overhead 
projectual? 



3. What is the most important factor when producing 
a multicell transparency? 



405. Cite operating principles and advantages of tlie dry 
electrostatic process. 



Dry Electrostatic Transfer. This method, commer- 
cially known as the Xerox process, is a fast, dry 
electrostatic process that uses ordinary paper or 
specially made film. It has advantages that make it 
flexible, versatile, and an economic means of 
production. 

While the preparation of paper offset masters is the 
most popular use of the dry electrostatic transfer 
process, it is equally easy to prepare transparencies. 
This process can also produce single or multiple copies 
on ordinary paper. 

Here is how the dry electrostatic transfer process 
works: 

(1) The surface of the selenium-coated plate is elec- 
trostatically charged as it passes under wires. 

(2) The original document is projected through a 
camera lens. The charge on the plate is drained away in 
areas that are exposed to light. 

(3) Negatively charged powder is spread over the 
plate and it adheres to the positive image. The latent 
image becomes visible. 

(4) A sheet of paper (paper offset master or trans- 
parency) is placed over the plate and given a positive 
charge. 

(5) The positively charged paper attracts the powder 
from the plate, forming a direct positive image. 

(6) The powder is then fused to the paper with heat 
to make the image permanent. 

The Xerox process has its limitations. The equipment 
is delicate (the plates are quite easily damaged) and the 
copy loses clarity. 

The Xerox process is of considerable value in inter- 
mediate publication work. It is especially useful for 
preparing masters for other duplicating processes. The 
process is fast, usually requiring less than 5 minutes for 
completion of the process. Although the reproduction is 
permanent and economical, the oeprating materials 
(plates, powder, and maintenance) are somewhat 
expensive. 




Exercises (405): 
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1. What kind of paper is used in the dry electrostatic 
transfer process? 



2. How is the image made permanent? 



3. What is one of the major advantages of the dry 
electrostatic process? 
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A05m (419— for CE feedback reference only). Cite the 
operating steps and advantages of using the Thermofax 
process* 

Thermofax Transparencies, We have discussed the 
diazo method for producing transparencies. An alternate 
method for producing overhead transparencies is with the 
use of the Thermofax infrared process. 

Although the Thermofax process does not produce the 
smc quality transparency as the diazo process, the 
Thermofax has many advantages. The Thermofax is very 
flexible. You can produce a transparency using practically 



any printed material. The Thermofax can also produce 
spirit masters, gunmied labels, laminates, and paper copies. 

This process is very helpful for low-priority, short- 
suspense briefings. It is easy to operate and very 
economical. The Thermofax is most effective in the self- 
help area of your shop. 

Operation. There arc four steps to producing a 
transparency using the Thermofax: (1) adjust the exposure, 
(2) place the film on the original (the notched comer should 
be in the upper right hand side); (3) center the material and 
insert it into the machine; and (4) mount the transparency 
(sec figs. 2-3a, 2-3b, and 2-3c, which have been provided 
through the courtesy of the Audio/Visual Division of the 
3M Company). 



How to Image 

Preframed Film for Infrared Copiers 





Figure 2-3A. How to image preframed film for infrared copies. 
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How to Operate 



Preframed film 




1. Adjust exposure knob 




3. Arrange material: film (1), original (2), 
paper slipsheet (3) 

Note: Remove all paper clips, staples, 
and pins from your original. 

Transparency f ilm 




1. Adjust exposure knob 




3. Center material and insert 




2. Remove film (1) and paper slipsheet (3) 
from box 




4. Insert material 




2. Place film on original 

(notched comer in upper right-hand side) 

Note: Remove all paper clips, staples, 
and pins from your original 




4. Frame transparency 



Figure 2-3B. How to operate. 
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How to Maintain 



How to clean belt 

Note: The cabinet may be cleaned with a 
mild detergent and water. The use of 
chemicals or solvents may damage the 
finish. 




2. Allow (amp area to cool. 
Lift belt latches simultaneously. 




Caution: Allow machine to cool before 
unplugging. 

1. Unplug machine and raise cover. 




3, Apply 3M belt cleaner 
(78-9020-O006-2) to soft, lint-free cloth. 




4. Rotate belt and clean entire surface. 




5. Lift red latch. 




6. Raise belt latches. 




8. Center belt between alignment 
marics. Close belt latches simultaneously 




7. Clean shiny roller. 




9. Lower red latch. 
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Exercises (405a): 



I. From whal type of maierial can you produce a 
transparancy using the Thermofax process? 



2. Describe the four steps in the operation of a Thermofax 
copier. 



3. How should the film be placed over the original? 



2*2. Direct Projectualt 



A direct projcctual sh'dc is a visual aid that is shown 
directly onto a surface by a projector. The most 
common direct projcctual used today is the 35mm-slide 
transparency. 



406* State advantages, disadvantages, and layoat 
procedures for 35inni-slide prodaction* 



35 Millljneter Slides* The 35mm slide has many 
advantages, but the greatest asset is size. The overall size 
of the slide Is IVi by 214 inches. When placed in a 
projection tray, it can hold up to 100 slides safely and 
with ease. Entire briefings can be carried in an attache 
case. The small size of the 35mm slide also makes 
storage less of a problem. 

Another advantage to using 35mm slides is their 
verstility. They are readily adaptable for a wide variety 
of visual effects. Color, 3-D, reversals, and drop- 
shading arc just a few effects that may be used in the 
production of artwork for 35mm transparencies. The 
possibilities are unlimited. 

Size, which is an important limiting factor when 
making view graphs, is of little concern when producing 
35mm slides. Since the height-to-width ratio of the slide 
is 2:3, the size of your artwork can be any dimension 
from 2 by 3 to 40 by 60 inches, as long as it stays at the 
2:3 proportion. The maximum and minimum sizes of 
your artwork is determined by the focusing capabiUtics 
of your photographic equipment. 

The disadvantages of 35mm-slide production are few 
but sometimies critical. The greatest disadvantage is the 
time necessary for the actual production and processing 
of the slide. You have to consider the actual amount of 
time needed to produce the artwork, photograph the 
artwork, and process and mount the slides. 

Corrections arc difficult and time consuming to 
make. Sometimes it may even be necessary to redo the 
entire artwork. Careful and exact proofreading by the 
quality control NCO and the project officer is a must! 



Since 35mm transparencies are made by direct 
photography, layout is relatively simple. The expression 
"what you see is what you get*' is a rule that you can*t 
neglect. You just place what you want on a background 
underneath a camera and take a picture of it. The 
overall process is a bit more sophisticated. There are a 
few principles that you must remember when you lay 
out your artwork; here a few guidelines: 

a. Always keep your work in a 2:3 format. This is a 
standard for 35mm artwork. 

b. Consult your photo lab to understand what type 
of system they use. Different lighting systems use 
different film types. Different film types have va«^*ous 
color sensitivities, so you should ask the photo lab 
personnel which colors photograph true. 

c. Know the size limitations of your photo system. 
You don*t want to send flat-art to the lab that is either 
too large or too small to be photographed. 

d. If you are using overlays, make sure they arc 
properly registered. For obvious reasons, this is a very 
important consideration. 

e. Allow plenty of bleed area around the image 
aperture. This is necessary to allow for variances in 
camera alignmen. and mounting without destroying the 
slide content. 

/. Handle your artwork carefully. Remember that 
anything you can sec on the artwork, the camera will 
photograph, and anything the camera records, the 
projector will enlarge. 

g. Be critical! Time and money (frustration and 
heartache) can be saved if mistakes are found and 
corrected before the artwork is sent to the photo lab. 

h. Make your instructions to the photographer clear 
and explidt. If you need to explain how to shoot a 
particular slide as the photographer works, do so. It 
never hurts to make sure the job is done correctly the 
first time. 

/. Remember that artwork is reusable. Store it 
carefully and develop a workable catalog system so the 
stored artwork can be easily referenced and found. 

Layoat Procedares. Let's look at how a 35mm slide is 
handled from the work order to the final slide. The 
following steps are an outline of the production of a 
35mm slide. (Refer to fig. 2-4.) 

(1) You receive a work order with an attached draft 
which shows you what is required on the slide(s). 

(2) Call the project officer or consult the person wHo 
accepted the work order to make sure all the 
instructions are clear and you understand exactly what 
is needed. 

(3) Refer to your flat-art file to see if there is artwork 
that can be used for this job. 

(4) Determine the size of your slide(s). Remember 
the 2:3 ratio and allow for sufficient bleed area. 

(5) The job requirements will determine how much 
artwork is necessary and your unit standards will guide 
you in lettering styles and formats. 

(6) Determine your apeture area and draw it on a 
piece of tracing paper large enough to cover the 
artwork. This serves two purposes: it shows the 
photographer what to focus on, and it protects the 
artwork from dirt and mishandling damage. Lay the 
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paper over the flat-art with the desired information 
inside the aperture. Hinge-tape the overlay so the 
photographer will be able to lift the paper from the 
artwork after focusing the camera on the aperture. 

(7) Call the project requestor to proofread and 
correct the artwork. 

(8) Make any and all necessary corrections. 

(9) Send the completed artwork to the photo lab. 



Exerci8et(406): 

1. What is the greatest advantage of using 35mm 
slides? 



2. What is the greatest disadvantage of using 35mm 
slides? 



3. Why is bleed area necessary? 



4. When is the best time to find and correct any 
mistakes? 



5. Who should you contact before you start work on 
the job request? Why? 



6. Where is the aperture area designated? 



2*3. PrinclplM of llluBtratIno for T«l«vlslon 



Television is a medium appealing of two of the 
human senses— sight and hearing. Therefore, this 
audiovisual medium is ideally suited for instruction by 
showing while telling. Of course, the success of this 
medium as a teaching device depends greatly on the 
preparation that is made before the TV camera starts 
shooting. One of the area of preparation is graphic 
aids— the visual aids that form a large part of the props 
necessary to put on a program. Here is where you, as an 
illustrator, get into the act* 

Graphic materials are used effectively in the presen- 
tation of concrete and abstract ideas in educational and 
informational television. Graphics include all the visual 
materials used to reinforce, speed* and clarify the 
communication of ideas, concepts, and theories* 

ERIC 



Visual materials for tdevision should be simple and 
direct so that new ideas to be presented are not lost in 
unnecessary detail* This last factor, closely related to 
legibility, is of prime importance since, without 
legibility, communication is lost* 

In many respects, visual aids prepared for use on 
television require different standards of preparation 
than do visual aids for use in the conventional briefing 
room, classroom, or auditorium* Therefore, a 
knowledge and an appreciation of the peculiarities of 
television visual aids are essential for an illustrator and 
must be included in your training* 

Since the standards of preparing artwork used to 
produce slides and transparencies for overhead 
projection are similar to those for television artwork, we 
have included the preparation of slides and transpar- 
encies in this chapter. 

Before constructing any graphic aid, you must 
consider certain factors that will influence your design 
of the aid* Regardless of the technical excellence or 
informational value of the aid, if you do not adhere to 
certain standards of design, the aid may not be of any 
value, or at least its potential value may be greatly 
limited* This is due to the peculiarities of presentation 
by television* The factors you must consider are: 

a. Aspect ratio* 

6* Edge loss and safety Held* 

c* Lettering size and styles. 

d. Size of graphic aids* 

e. The method of checking for clarity. 
/* Use of black and white. 

g. Use of grays* 

h. Use of color* 



407. Sohre problems vshig the aspect ratio and the one- 
steth mle. 



Aspect Ratio. Artwork for television must conform 
to the shape of the screen area of the television picture 
tube* The relationship of hdght to width, which 
approximates the proportion of the TV monitor 
(recdver), is called the aspect ratio* This ratio is 3 by 4 
(3 units hi^ by 4 units wide) and indudes all 
components of a TV visual presentation, such as the 
graphic, the camera viewfinder, and all monitors* All 
visuals constructed for TV should have this aspect ratio 
to insure that all of the necessary visual material is seen 
on the monitor. Part A of flgure 2-S shows a visual aid 
with the wrong aspect ratio. Notice that in framing the 
aid from top to bottom, considerable blank space is left 
on each side. Framing the aid from side to side cuts off 
material at the top and bottom. Part B of figure 2-S 
shows the same aid revised to the proper 3 by 4 aspect 
ratio. Notice that now the entire aid is on the monitor 
screen with no blank spaces on any of the sides and that 
no material is cut off* 

The 3 by 4 aspect ratio has a number of merits. 
Probably the most important reason for using this ratio 
is that it is the same as employed by the motion picture 
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A. WRONG ASPECT RATIO 
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industry* Thus» a televised motion picture is usually not 
appreciably cropped (cut off at the top» bottom, or 
sides). Many years ago this aspect ratio was determined 
to be artisticaliy sound since it i^proximates the dimen- 
sions of the normal range of vision— our horizontal 
range of vision being about one-third greater than our 
vertical range* 

In vier/ of the fact that still photographs are often 
printed in a vertical format, one might thhik that much 
will be lost when such photographs are confined to the 
horizontal* There is, however, very little loss in 
compositional effects* In general, there is usually more 
interest in the liorizontal direction and most motion is 
horizontal rather than vertical* Any graphic artwork is 
designed to fit within this 3 by 4 shape for m^ x itw^i*" 
utilization of the picture area and correct framing by the 
camera operator* 

Edge Loss and Sqfety Field. A problem closely 
related to the TV aspect ratio is the edge loss and safe^ 
field* The television system tends to crop the edges of aU 
picture material* With slides, fibn, and artwork 
prepared for opaque projection, the first cropping is 
done by the projector* The fibn pickup camera and the 
studio camera crop more area, and finally the receiver 
or monitor itself makes an additional cropping* 
Artwork material must be prepared to keep the 
important subject matter within a safety field so that aU 
of the information will appear on the recover* Artwork 
prepared for studio coverage is not quite so critical since 
the camera operator can allow for an additional safety 
margin* 

The one-sixth rule for determining the safe area is 
useful and easy to understand* As shown in figure 2-6, 
you divide the camera field, which is the total area of 
the picture, into sue equal subdivisions both vertically 
and horizontally* The area covered by the 16 central 
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rectangles is the safe area* A mask, corresponding to the 
overall size of the visual with the safe area cut out, is 
useful in making visual aids* You just place the mask, 
which can be made from paper or cardboard, on the 
card you plan to use to make your visual and print or 
draw within the cutout area* 

As you can see in figure 2-6, the safety mar^ is quite 
large* This safety margin is particularly important when 
the camera is equipped with an image orthicon tube. 
The image orthicon is equipped with a safety device 
called an electronic orbiter that causes the picture to 
slowly and imperceptibly rotate. The rotation prevents 
the semipermanent impression of the picture on the 
tube, especially when bright subjects are encountered. 
Whfle the rotation (1 to 2 rotations per minute) is 
imperceptible to the average viewer, it actually shifts the 
framing of a graphic when the graphic is on camera for 
20 or 30 seconds* The result, in the case of an 
inadequate mar^, is that the shot could be initially 
framed when it first appears and be misframed after the 
orbiter shifts it* 

Conunercial television illustrators have to make an 
additional aUowance for monitor misalignment as to 
size, centering, focus, etc. In commercial television, the 
monitor (that is, the viewing equipment) is not under the 
control of station personnel since it belongs to the 
viewer. However, in most noncommercid TV stations 
the monitor is owned and controUed by the same 
personnel that are producing the television production* 
Under these circumstances, there is no reason why test 
patterns cannot be periodically and frequently 
transmitted, monitors aligned, and graphics checked 
out for adequacy* Thus, an extra amount of safety field 
need not be provided, as in commercial TV* 

It is desirable that some framing arrangement be 
, worked out between the graphic section, the camera 
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2. If the illustrating surface is 9 by 13 inches, using the 
one-sixth rule, what is the size of the drawing? 



Figure 2-6. Stfety field (one-sixth rule)* 



operator and the producers. Sometimes a graphic is 
confined and entirely visible within the transmitted 
picture. On other occasions* it is desirable to have the 
graphic bleed off and out of the picture area. Not 
necessarily knowing the intent of the particular graphic, 
the camera oeprator and often the director are not sure 
whether the entire graphic display is displayed to the 
viewer or whether it is intended that part of the graphic 
be cropped by camera framing. For this reason, a 
format can be established by means of sample masks to 
be placed over graphics* whereby the mask indicates (1) 
the total area to be seen and (2) the important content 
area. This mask is helpful to bott^ the person operating 
the camera and to you. The camera operator sets up this 
mask on a stand and frames the camera to show the 
entire display area. From this point on, if the camera is 
not moved ndther toward nor away from the graphic, 
the camera will have the correct framing through an 
entire series of graphics. Since you prepare your 
graphics to the same mask you can rely upon the camera 
operator to show the entire display area as indicated on 
the mask. It is conunon for the display area to represent 
the total scan of the monitor, while the graphic content 
area is confined to the areas of good resolution. In other 
words, the difference between the outer limits of the 
mask and the hmer area of the mask excludes that area 
of poor edge and comer resolution. When you use this 
system, there is no misunderstanding between the 
camera operator and the illustrator as to how much of 
the picture to show, and there Is a virtual guarantee that 
unportant and crucial graphic information will not fall 
into the areas of poor pictorial resolution. 



Exerdics (407): 

1. What is the size of a full page (regular) illustration 
if the 3:4 ratio is maintained? 



408. Stale the criterion that determfaies the adequacy of 
lettering size and styles, and apply the formula for 
selecting maximum letter height* 



Lettering Size and Styles* Lettering size, styles, and 
general graphic techniques are best developed as a result 
of experience in your own installation. The criterion is: 
*'If the graphic can be seen on the monitor with 
sufficient clarity to illustrate its point, your sizes and 
styles are appropriate.** If the graphic is not clear, tht 
letter style, size and/or the medium must be changed. 
No hard and fast rules can be stated. Each graphic 
organization will have to work out its own standards 
based upon the pictorial resolution ability of its trans- 
mission system, the basic artwork size chosen as a 
standard, etc. From these considerations, certain letter 
sizes and style will develop. 

It is unportant that minimum letter sizes be used only 
when necessary in order to portray a maximum of 
information in a limited space. The minimum should be 
just that — minimum. Do not use the minimum as a 
standard. Whenever possible, use a larger and more 
clearly perceivable size of letter. 

For mfixitnum visibility, lettering for television 
should be simple in style. The individual characters 
should be consistent and clear. Complicated letter styles 
such as ornate and Old English should not be used 
because they are difficult to read at a glance. Extremely 
thin letters should not be used because of the possibility 
of losing portions of the lettering in transmission. 

A rule to determine letter height has been established 
based upon legibility at 20 feet from a 21-inch receiver. 




Figure 2*7. Minimum lettering height. 
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The rule for maximum visibility at this distance is this: 
*'The height of the lettering should be a minimum of 
1/lS of the graphic height.** For example, a graphic 
having a vertical copy layout area of 15 inches should 
have letters at least 1 inch high. This minimum height 
rule is illustrated in figure 2-7. 

Additional rules of good spacing must also be 
considered in television graphics. For television, the 
distance between individual letters should never be less 
than the thickness of the letter itself. Television 
scanning tends to cause the lettering to appear to be 
closer together; thus wider-than-usual spacing is 
necessary. 

The thickness of a line, or line weight, is another 
important factor to consider when designing TV 
graphics. Based upon the above lepbility standard, line 
weight should be a minimum of 1/7S the width of the 
copy layout area. The nature of the illustration and the 
importance of each line of copy govern the weight of the 
lines* 

Siie of Graphic Aids* We previously discussed the 
aspect ratio of graphic aids. However, no mention was 
made of the actual size. Considering an aspect ratio of 3 
to 4, the graphic can be made in any size as long as this 
ratio is maintained. Thus, the graphic can be 3 by 4 
inches, or such dimension as 30 by 40 inches, or even 9 
by 12 feet. Notice that the ratio in all of the above sizes 
is the same* Even though the ratio is correct, you must 
use an appropriate size. Your problem is to provide a 
graphic in the 3 by 4 ratio that, when displayed at 
monitor size (whether this involves enlargement or 
reduction), is clearly visible to the viewer at the mean 
viewing distance. 

Most TV installations select the actual size of their 
graphics based on such considerations as the standard 
stock size of illustration board, the need to file and to 
store, the size of the storage area, and complexity of the 
graphic. Naturally, you want to use a size that is 
comfortable to work with. Let*s see why these other 
considerations are important. 

Television gray board comes in the standard size of 
30 by 40 inches. This is in our 3 by 4 ratio. Therefore, 
the board can be used as it is, if the illustration requires 
this much material and you have adequate storage 
room. If you use this Uurge size, do not be misled into 
thinking your work is more legible than it actually is. A 
30- by 40-inch illustration that is perfectly clear to you 
when you hold it at arm length will not necessarily be as 
clear to the TV viewer when looking at a 21-inch 
monitor at a mean viewing distance of 9 feet. 

Suppose we cut the 30- by 40-inch sheet into smaller 
pieces for purposes of economy. By cutting the stock 
sheet 10 times on each edge, we obtain 100 pieces which 
are 3 by 4 inches, still in a 3 by 4 ratio. Obviously, this is 
impractical for illustrating, since much of your work 
would have to be almost microscopic. When the small 
graphic is enlarged enough to fill a TV screen, minor 
mistakes, bobbles, and trembles are also enlarged and 
are quite disconcerting to the viewer. The appropriate 
size, then, lies somewhere in between our two extremes. 

O 
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A good, comfortable size is obtained by cutting the 
stock material into 9 pieces, each approximately 10 by 
13 inches. This size is a convenient one for you to 
work on; it is a convenient size for storing in standard 
file cabinets, and it is a convenient size for handling by 
personnel during the presentation of the TV production. 
Remember, however, that this is the size of the 
cardstock and that the viewing area is somewhat smaller 
when the one-sixth rule is applied. When possible, all 
graphics should be made in a single size since camera 
framing and focusing need to be done only once for an 
entire series of graphics. 

Graphic art techniques, as used in television illus- 
tration, are limited by television transmission and 
visibility. In general, we can say that poster techniques 
are best suited for television illustrations. As with poster 
design, detaib and tones are so accomplished as to be 
understandable at a distance. Simplification of line, 
tone, and lettering is essential for maximum legibility. 

Method of Checking Clarity. Now, hVs find out how 
we can tell if your artwork has adequate clarity from the 
standpoint of the TV viewer. Assume that the size of the 
basic graphic is 10 by 13 VS inches. You are working on 
this graphic with your eyes about 20 inches from your 
work. However, this distance tells you little about how 
the graphic looks from the distance at which a TV 
viewer sees it. At what distance then should you 
examine your work to get the same impression as the 
viewer? The graphic is 10 inches high but after taking 
off a 1 Vi-inch border at the top and at the bottom, the 
space left for the actual artwork is 7 inches. If you 
assume that the monitor screen is 14 inches high and 
that it will be viewed at a mean distance of 9 feet, you 
can find the distance from which you must look at your 
illustration by the following calculations. Since 7 inches 
(the height of your illustration) is 1/2 of 14 inches (the 
height of the TV screen), you must view your 
illustration from a distance of 1/2 the mean viewing 
distance. Therefore, you should view your work from a 
distance of 1/2 of 9 feet which is 4Vi feet. 

The principle discussed in the previous paragraph 
pertains to all graphics and monitors; however, our 
example pertains only to the specific sizes and 
dimensions mentioned. It is important that you 
remember at all times that your workini; distance is not 
the proper viewing distance. No matter what size stock 
material you use, no matter what monitor size is used, 
you shoidd continually check your work by standins 
back at the viewers relative viewpoint. In this way you 
can make sure that the information imparted by the 
graphic will be clearly visible. 



Exerdses (40S): 

1. If a TV graphic is 10 inches high and 13 inches 
wide, what is the smallest possible height that 
lettering can be? How thin can the line weight of the 
letters be? 
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2. If you have a strip of prepared lettering that is 1/3 
inch high that you want to use in a graphic 
illustration for TV, what is the maximum height 
that you c&n draw the illustration? 



State the general criterion for testing style and size |^ AC . 

of letters. 



409. Compare the properties of artwork for black and 
white tod color leleviiioii and the procedure for 
determinliig adequacy of resoiatloD. 



Uie of Black and White. At Hrst thought, it would 
seem that the use of black and white would be very 
appropriate for many graphics. For example, the 
presentation of a mathematical formula in black and 
white seems to be a good idea since an extreme contrast 
range is desirable in most illustrative work. This is not 
so when presented on TV. Too much contrast can cause 
halo and horizontal streaking when the two extremes are 
used adjacent to each other. Rather than black letters on 
a white background, a graphic having three tones such 
as shown in figure 2-8 would be preferable. 

In general, the use of black and white in each illus- 
tration is essential. Although using black and white in 
every illustration may not always be appropriate from 
your viewpoint as an illustrator, the video engineer finds 
it most desirable. The video engineer sets video levels on 
a black-white basis. The engineer must have black and 
white present in the illustration in order to establish the 
basic video setup. Generally speaking, the difference in 
black and white to the video engineer is a 1-volt peak-to- 
peak signal. The video engineer does not consider the 
intermediate grays after setting the black and white 
levels conectly. The grays then automatically fall into 
their proper place. If provided with an illustration that 
lacks either/or black or white, the engineer has no basis 
for adequate video setup, and the result will likely be a 
poor or marginal transmission. There are cases where 
the deliberate inclusion of black and white, even though 
inappropriate to the pictorial content of the graphic, is a 
strained but necessary technique for the illustrator. 
However, this is one of the ground rules of television 
with which the TV illustrator must learn to live. 

Use of Grays. Presuming that the television system is 
properly adjusted, a maximum of about eight distinct 
shades of gray, plus black and white, are discernible in 
black and white TV reproduction. Because of trans- 
mission restrictions, you must be careful how you use 
your gray tones. If you place two only slightly different 
gray tones side by side, they will probably look alike 
when they are reproduced on the screen. You should 
compensate for this by spreading your grays when 
making tonal illustrations. Graphics should be restricted 
to about three or four shades of gray (if this many are 



Figure 2-8. Graphic with three shades. 



necessary) plus black and white. If you limit yourself to 
three shades of gray, you can use every other shade in 
the gray scale. 

Use of Color. You can use color in preparing 
graphics for black and white TV, but you must use them 
with caution and only in terms of their gray scale 
equivalents. Two colors in a graphic show considerable 
contrast to the eye, but on television they may actually 
appear as identical shades of gray. A similar situation 
could develop on live TV where red chaulk is used on a 
blackboard. If you are in doubt about any color 
contrast, check the colors on camera befOiC you go into 
production. Do not be misled by thinking that color 
somehow contributes to the graphic. It may not do so. 

If you must use colors for some reason, prepare a 
gray response chart such as the one we discussed in the 
chaptc ' on color. Relate the various colors to their gray 
scale values. Place the various colors and hues in 
columns or rows corresponding to the shade of gray in 
which the hue will appear on TV. Not all hues will have 
exactly the same gray value as the steps in the gray scale, 
but you can construct the columns to accommodate 
slightly lighter and darker readings. To construct a gray 
response chart, first lay out the gray scale and then 
make on-camera comparisons of the samples of color. 
Remember that the gray responses are not absolute and 
will vary with factors such; as lighting and camera-tube 
life. 

Fine Detail and Resolution. To an experienced 
photographer, photographing the RETMA resolution 
target (test pattern), which is shown in figure 2-9, would 
be a fairly straightforward job. An exacting reproduc- 
tion would show every line and every shade of gray on 
the target. Television reproduction does not permit a 
level of resolution comparable to photography. Resolu- 
tion is the ability of the system to reproduce fine detail. 
A resolution number may be assigned by noting the 
maximum ability of the system to distinguish between 
lines of the illustrated target. 
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Figure 2*9. RETMA resolution target. 



For example, in figure 2-9, note that the central 
portion shows a number of lines that taper in to a closer 
spacing as they approach the center of the target. One 
band goes from 200 to 400, and the band next to it goes 
from 400 to 800. By watching the monitor, you may 
readily distinguish a pomt where the lines are just barely 
separated. Let us suppose that the lines barely appear 
separated at the point marked "350." This then, is the 
resolution of the system at this point on the screen. This 
resolution would be quite acceptable in broadcast 
television. At the same time, you can check out the 
resolution at any point on the monitor by viewing the 
appropriate parallel bars, tapered Unes, or circles. You 
can also check out the system with this same target by 
viewing the gray scale rendition. 

Although closed-circuit television systems have a 
considerably greater capability than broadcast systems 
because they employ a greater number of vertically 
spaced scanning Unes rnd many more video pulses per 
scan line, much of any line detail in an illustration will 
be lost* Therefore, when you prepare an illustration for 
television, you should visualize it as being presented on 
a monitor. We have already discussed the practice of 
stepping back to get the same viewing ratio as the 
viewer. Now, here is how you can tell what your illus- 
tration will look like after loss due to the TV system's 



poor-resolution factor. Lay a sheet of wax paper over 
your illustration and step back to the appropriate 
viewing distance. The net result is very similar to what 
the TV system does to your illustration. You can save a 
great deal of time an;! effort hy not including those 
details which cannot penetrate the TV system. A good 
rule to follow in designing your illustration for 
television is BIG, BOLD, and SIMPLE. Where details 
are unportant to the content and concept of the illus- 
tration, you will often have to develop specific TV 
methods. 



Exercises (409): 

1. What are the advantages and disadvantages of 
using black and white (as opposed to color) in all 
illustrations that are to be reproduced on television? 



2. Why should you restrict your use of gray tones 
when designing a graphic for television 
reproduction? 
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If you use color in preparing your graphics for 
black and white television, to what factor must you 
pay particular attention? 



4. State the general procedure to follow in determining 
adequacy of resolution. 



2-4. Ttitvltion TtchniquM 



Smce the type of illustration will depend on the 
particular television technique used to present it, you 
must learn something about these different techniques. 
Therefore^ let's discuss several of the most important 
techniques— studio cards, rear projection, slides, the 
phantom, animation, and illustrating for color TV. 



410. Associate television techniques with their 
descriptions. 



Studio Cards. Considering the total number of visual 
aids used on television, most graphics are in the 
category of studio cards; that is» small cards placed on 
an easel, mounted on a pegboard, or stuck on the wall 
with tape, and shot by a studio camera. Since the cards 
are used for static presentations, they permit careful 
framing, lighting, and camera portrayal. In addition, 
they allow the narrator to point to and discuss various 
aspects of the graphic. 

Media used in constructing studio cards are tempera, 
retouch grays, airbrush, grease pencil, pencil, pen and 
ink, felt-point pends, and pastels. Matte-Hnish texture 
sheets and matte-Hnish tapes are also very effective for 
making studio cards. Photographs that are not glossy 
make excellent studio cards when mounted on a 
cardboard backing. 

It is possible to subdue a portion of the graphic, 
where three or more ideas are presented at the same 
moment, by using a tracing-paper overlay with a cutout 
revealing the area in which you are interested. The areas 
under tracing paper are subdued, but visible. The most 
clearly visible area and the one that the viewer will focus 
on is the area not obscured by the tracing paper. As the 
concepts develop, the original tracing paper can be 
modiHed or removed enturely. Studio cards have the 
main advantage (as compared with slides) of being in 
the studio with the narrator and under the direct and 
immediate control of the cameraman, the floor 
manager, etc. 

Rear projection. In studio production, transparencies 
are often projected on the backside of a translucent 
screen and picked up by the studio camera. The trans- 



parencies normally used are (he 2- by 2-inch slide and by 
the 4- by 5-inch cell. 

There are three important advantages to rear projec- 
tion. First, a projector with its associated cables does 
not clutter up the studio set and inhibit camera 
movement. Second, the studio light falling on the screen 
does not deteriorate or wash out the projected picture 
from the rear projection as it does with front projection. 
Third, the performer may work close to the projected 
picture with no worry about blocking the light from 
projector to screen. 

The artwork for rearview transparencies can be pro- 
duced in number of ways. For TV use, the photographic 
negative or positive is satisfactory. The original artwork 
is constructed keeping the standards of legibility in 
mind; then the artwork is photographed and reduced to 
a 2- by 2-inch or 4- by 5-inch transparency. Next the 
film is mounted in a frame and made ready for rear 
projection. 

Another type of rear projection uses not screen. A 
large acetate transparency such as the ones used in 
overhead projectors is placed on a transparency box and 
;is lighted froi». ' ^*-'nd. The camera actually shoots the 
rear-lighted transpai'ency. 

Slides. One of the most versatile ways of displaying 
visual material on television is by the film-camera chain. 
This piece of equipment projects transparent visuals, 
slides, and movie film directly into a camera. By use of 
the multiplexer most studios can handle several sizes of 
slides as well as 16mm sound films. The most important 
display feature of the film chain multiplexer 
arrangement is the ability to switch quickly from sliJe to 
slide regardless of size. 

The slide is presented in either positive or negative 
form. In the positive form it functions as a studio card; 
however, the narrator cannot point since he would 
interfere with the projection of the image. The slide 
used in the negative form can be used as a superimposi- 
tion (super). The information on the slide is super- 
imposed over a live scene. The lettering plus the live 
scene appear together. Supers usually are presented on 
the lower one-third of the TV screen; however, they may 
be planned to be inserted in any area of the picture. 

The original graphic can be used directly on camera 
just eas easily as a slide; however, using a slide has 
certain advantages and permits certain specific appli- 
cations. One advantage (for the director) is that the use 
of the graphic in slide form involves a film chain and 
does not tie up one of his studio cameras. However, to 
use a slide when a studio camera is readily available 
introduces an unnecessary photographic step into the 
process and a correspondingly unnecessary expense. 
The use of slides rather than the graphic itself on the 
studio camera is justified if the graphic is repeatedly 
used during the program. In live programming, cards 
suffer studio damage and loss, and they are a filing and 
storage problem. The use of slides in these cases will 
protect the graphic through repeated use and simplify 
storage and filing procedures. In a single instance of 
recorded programming, the principal justification for 
the use of slides is to free a studio camera for other use. 
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The Phantom. The principle of the phantom is based 
on color values. To use this technique* you draw the 
illustration on a medium gray background in colored 
media, preferably pencil. You must use a color that has 
the same value on the gray scale as the background 
material. As a result, while your basic drawing is visible 
to the narrator or instructor, it is, in effect, invisible to 
the TV camera. The narrator or instructor, using a felt- 
tipped pen or greasf? pencil^ traces over the colored 
drawing visible to him. To the TV camera, he appears to 
be making a completely new drawing on a blank 
background. This approach has several uses and advan- 
tages. For example, when it becomes necessary or 
desirable to develop a complex graphic on camera, the 
drawing problems involved are vastly simplified for the 
**on-camera artist. He merely has to trace. This tech- 
nique gives the impression that the on-camera 
performer is not only a competent instructor but that he 
is also a good illustrator. This phantom technique can 
al^o be used in the development of mathematical 
problems as a convenient means of preventing innocent 
errors that sometimes occur regardless of the on-camera 
performer's competence. 

The phantom can also be used as a deliberate slow- 
down device. That is, it provides **on-air" development 
of a graphic that would otherwise have to be shown 
instantly in total form. A slowdown is desirable since it 
is entirely possible to present so much material at one 
time that the viewer can neither absorb nor 
comprehend. 

Since the phantom is used in the studio on the set and 
is frequently shown along with the narrator, it should be 
fairly iarge. A convenient size is IS by 20 inches, but it 
can be larger than this. For studio utilization, the 
phantom is placed in a frame. For live, single-instance 
programming, the phantom can be used directly; but in 
repeated or recorded programming, it is best to place it 
behind a sheet of nonglare glass. This procedure is wise 
in any event because it is possible to make an error in 
rehearsal. 

Animation. Special techniques of presentation have 
been developed to create interest on the part of the 
viewer. One of these is animation. Since moving objects 
attract, hold, and lead the eye, movement or animation 
can be a very useful tool in aiding the learning process. 
Animation techniques range from the simplest 
movement, such as exposing a line of lettering to the 
most complex animation used by the television and 
motion picture industry. Full animation techniques are 
complex and require a great deal of time and expense. 
Since it is expensive, it is usually confined to instances 
of absolute need for ideal portrayal. 

In 16mm motion picutures every second of animation 
requires 24 separate drawings since this is the frame rate 
of 16mm film. In television the frame rate is 30 per 
second. Since it is difficult and expensive to match the 
quality of animation produced by the motion picture 
industry, in television the term ^'animation** is generally 
understood to mean a limited form of animation with 
jerky motion and abrupt movements. 
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Slide card. For limited budgets, animation techniques 
have been devised that can be constructed quickly and 
inexpensively. The simplest animation technique is the 
slide card. It can be used to develop such things as a line 
on a graph, expose a waveshape, or progressively show 
lines of lettering. The slide card is basically composed of 
three layers. The top and bottom layers are stationary, 
and the center layer is movable. Information to be 
exposed is placed on the bottom layer and is covered by 
the center movable layer. The top layer has cutouts 
through which the information on the bottom layer is 
exposed when the center layer is removed. 

Pop-in, From a practical viewpoint, animation in 
television is probably best limited to the step-by-step 
development of specific graphics by means of the ""pop- 
in** technique. Using this system, an illustration will be 
shot in an incomplete form, up to a selected point. From 
this point on, the illustration with an addition will be 
edited to the previous segment. The use of either 
physical or electronic editing gives the viewer the 
impression that the additional item has just ''popped 
in** to the basic graphic. This system can be used 
successfully and repeatedly »that is, a S- or 6-segment 
graphic can be built up in steps by pop-ins. 

Techncmation. This is a technical method of limited 
animation that uses polarized graphic materials in 
conjunction with polarized light. The graphic materials 
for technamation have a pressure-sensitive adhesive 
backing and are available in various forms and shapes 
that produce a variety of effects. A typical use of a 
technamation graphic can be seen on some news and 
weather shows on TV. By using the approptate 
technamation material in an area where movement is 
desired, the illusion of directional, circular, or con- 
centric motion is obtained. In addition, a blinking effect 
is also obtainable. 



When polarized light from some source strikes a 
graphic, the light is refiected as unpolarized light from 
all areas except where the technamation materia! is 
placed. Here, it is reflected as polarized and 
unpolarized, enters the camera lens, there is no effect. 
However, if a transparent disk is olowly rotated, the 
refiected (or transmitted as the case may be) light from 
the technamation material selectively goes from 
matched polarization to cross polarization. At the cross- 
polarization position, no light enters the camera. Then 
gradually as the disk approaches the position where 
polarization matches, more light enters the lens. The net 
effect is a blinking area where the technamation 
material is located. There is no blinking from the rest of 
the graphic because it did not refiect polarized light. 

The technamation process can be used with consider- 
able effectiveness in many instances where action is 
purely repetitive. There is no long-rage effect. Whether 
the motion is band motion, circle expansion, fiashing, 
etc., it is cyclic according to the rate at which the 
polarizing disk is turned. 

Technamation material may be lighted from either 
the front or the rear. In the case of rear lighting, the 
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graphic must be cut in the areas of the technamation 
material. Depending on the application, the polarizing 
disk may be placed over the light source if a single 
source is used or it may be placed in front of the 
television camera lens. The technamation principle may 
also be applied to fade-ins, fade-outs, color changes, or 
other effects, usually through manual operation of the 
disk. 

Crawls. Another animation technique is accom- 
plished by the the use of crawl devices. A crawl device 
can show a great deal of information progressively 
without losing continuity. Information is made to crawl 
or to move either in the horizontal or vertical direction 
across the screen. Vertical crawls are used far more 
often than horizontal ones. 

There are a number of devicrj used to achieve crawl 
movement. One such device is the drum crawl, which is 
composed of a large cylinder approximately 48 inches in 
circumference and mounted on a rod. Information is 
attached to the the circumference of the drum. As the 
device is turned, the information moves. On the TV 
screen the information comes into view on the bottom 
and disappears at the top. Because of tht curvature of 
the drum the copy represented has the illusion of rolling 
in and out. The center line of copy is distinct while the 
lines of copy above and below the distinct line are fore- 
shortened and slightly out of focus. 

Another crawl device is the roller crawl. It is 
composed cf two rollers separated by a distance of 
approximately 36 inches. One end of a roll of paper is 
attached to the top roller and the other end is attached 
to the bottom roller. In the upright position, the infor- 
mation on the paper moves from the bottom of the 
screen to the top of the screen and is often presented as a 
superimposition at the beginning or end of a program. 
When the device is laid on its side, the information can 
be moved from the right side to the left side of the 
screen or from the left to the right, creating some 
interesting effects. 

Goto. A "gobo'* is a graphic used in conjunction 
with the crawl device, the gobo is a two-dimensional 
cutout that is part os a complete graphic. It is mounted 
in front of the crawl device, and the cutout area of the 
gobo is registered with the information on the crawl. As 
the crawl information moves, it appears in the cutout 
window. A cartoon character holding a picture frame 
and information moving within the frame is an example 
of a crawl and gobo combination. 



Illustrating for Color TV. As color TV becomes more 
prominent and monochrome TV gives way to some 
extent, your job will be lightened considerably. One of 
the greates burdens for monochrome TV graphics is the 
limitation of an absolute range of 10 shades of gray and 
a practical range of 4 or S shades of gray. Many of the 
most challenging problems can be easily solved when 
you are permitted to use color. With color, however, the 
use of the phantom becomes impractical as a graphic 
form. There are a few things to remember when illus- 
trating for color TV. As with black and white TV, keep 
your size and proportions is the proper format and keep 
your illustration as big, bold, and simple as possible. 
Too much detail will be lost in the broadcast, and too 
much detal will clutter your drawing. Make sure your 
chosen colors have contrasting gray scale values, this 
will allow your illustration to be seen clearly on black 
and white TV monitors. 



Exercise (410): 

1. Match the items in column A with the most 
appropriate statement in column B. 



Column A 

(1) Slidccard. 

(2) Animation. 

(3) Studio cards. 

(4) Pop-in, 

(5) Technamation. 

(6) Rear projection. 

(7) Phantom. 

(8) Slides. 



Column B 

a. Most used form of TV 
graphics. 

b. Uses transparencies that are 
2 by 2 inches or 4 by 5 
:nches. 

c. Most versatile display 
method because the original 
can be used directly on 
camera. 

d. Principle based on color 
values. 

e. Requires great deal of time 
and expense. 

f. Simplest animation 
technique. 

g. Gives the viewer the 
impression that an item has 
been suddenly added to the 
graphic. 

h. Animation technique that 
uses polarized light. 
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CHAPTER 3 



Printed Materials 



THE ART OF PRINTING is based on a very simple 
principle. If you ink the tip of your finger and then press 
it on a piece of white paper, you will make a finger- 
print—a printed image of the pattern of lines on your 
finger. Printing can be that simple or it cn be as complex 
as producing hundreds of copies of a multipage 
technical order; of course, printing is usually 
son^ewhere between these extremes. 

But simple or complex, there must always be 
something to print from— something to serve as a 
pattern of the thing to be printed. You cannot make a 
fingerprint without a fingertip, nor can anything else be 
printed with printer's ink on paper unless there are 
forms of type, engraved plates, blocks, cylinders, or 
something to print from. 

Typesetting, engraving, and platemaking are not 
mech^inical in the same sense that printing is. They are 
processes and methods for creating printing patterns 
that can be used by the printing presses to reproduce 
words, designs, or pictures in small or large quantities. 
They arc extremely flexible and versatile, for they make 
it possible to put in print any combination of words, 
characters, and figures in any language; or to reproduce 
any design, picture, or other graphic form in either 
black and white or in color. 



3*1. Printing Processes 



There are three basic methods of printing, and each 
has its own peculiar requirements as to the way its 
printing plates are made. These three printing methods 
are letterpress, intaglio, and lithography, 

Gutenberg's process, known as letterpress or relief 
printing, is still the medium most commonly used. But 
looking directly over its shoulder is a newer 
process— one in which the printing is done from a flat, 
metal plate through the use of chemicals. This process is 
called offset lithography. There is still another process, 
known as intaglio printing, which utilizes an image that 
is engraved or etched below the surface of the metal 
plate. Figure 3-1 shows the principle involved in each of 
these printing processes. 



411. Corrclstc printing methods with their 
distinguishing features. 



Letterpress Printing. Letterpress printing is done 
entirely from raised surfaces such as type and cuts. As 
you have just seen, type consists of raised letters cut on 
blocks of wood or cast on metal shafts. These letters are 
set or grouped together to form words and lines. The 
raised surfaces of the letters are then inked and pressed 
against a sheet of paper to make a print or impression. 
(See fig. 3-1) Most newspapers and magazines are 
printed by the letterpress process. 

Intaglio Printing. The intaglio printing process is 
exactly the opposite of letterpress printing. In this 
process, the letters or designs to be printed are etched 
below the surface of a metal plate. When the plate is 
inked, the etched areas form tiny reservoirs of ink. The 
surface of the plate is then wiped clean so that when 
paper is forced against it, only the ink-filled areas 
reproduce. (See fig. 3-1.) 

Engraved stationery, paper money, and postage 
stamps are rcprod\iccd by the intaglio process. Roto- 
gravure is also a form of intaglio printing. The 
magazine section of many of our Sunday newspapers 
and parts of mail-order catalogs are printed by the 
gravure process. 

Lithographic PrintiBg. Lithography is another 
important printing process. It is also known by such 
napes as planography and photo-offset. This type of 
printing is different from either letterpress or intaglio 
printing, yet the results produced are similar. In 
lithogrpahic printing, the design is either drawn by hand 
or reproduced photographically on a flat, metal plate. 

As you can sec in figure 3-1, the design is neither 
raised nor sunken. It is the same height as the blank, 
nonprinting areas around it. This perhaps leads you to 
wonder why the nonprinting areas don't ink up along 
with the image when the plate is put on the press. They 
undoubtedly would, if they were not chemically treated 
to repel the ink. As a result, only the image takes the ink 
and the nonprinting areas remain clean, showing up on 
the paper as white space. 

The lithographic process utilizes the principle that 
grease and water have no affinity for each other. In 
lithographic platemaking, the image eventually to be 
printed is affixed to the surface of the thin metal plate in 
the fo.rm of a thin film of greasy ink. In other words, all 
printing elements have a greasy surface. The spaces 
between are dampened with water. The ink used in this 
process is also somewhat greasy. When the ink is 
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l«tterpresi printing contists of pressing poper ogoinst o roised inked letter. Since 
only the roised surfoce of the letter tokes ink. the low oreos do not print. 



Intoplio (pronounced in-tohl>yo) printing consists of pressing o sheet of poper 
Ogoinst o plote hovin^; etched*out oreos filled with ink. Although the surfoce 
of the ptolt inks up during inking operotions. it is wiped cleon before eoch 
impression so ihot only the etched<out oreos prtnl. 





Plonogrophic printing consists of pressing poper ogoinSt o fiol letter (one whtch 
is neither roiied nor etched below the surfoce of the plate). Only ihe tetter 
inks up. because Ihe nonprinting oreos of the piote ore chemicolly Ireoled 

lo repel the ink. 



Figure 3-K Comparison of the three main printing processes. 



applied to the finished printing form, it sticks to the 
grease image but is rejected by the water. 

The noiq)rinting areas of a lithographic plate have no 
ink on them (because they have been dampened with 
water and consequently refuse to accept ink). The water 
on the plate, as well as the ink, must be replenished after 
each impression. Lithographic presses therefore have 
two sets of rollers, one for the ink and the other for 
water. 

The grease image on the printing plates can be hand 
drawn, applied photographically, or made by transfers 
from a master pUte or stone. 

When lithographic stones are used, the process is true 
lithography. If metal plates are used, the process 
technically becomes planography. However, the 
original descriptive "lithography** still penists. 

Most modem lithography b done by the offset 
process. A simple illustration of the process is shown in 
figure 3-2. The original thin metal plate is wrapped 
around a plate cylinder on the press, and the printed 
impression from this plate is transferred onto a rubber 
blanket wrapped around another cylinder (offset roller). 
This blanket, in turn, makes contact with the paper, and 
the ink image on the rubber offsets onto the paper. 
Thanks to modem improvements during the past 30 
eyars, offset lithography has become one of the fastest 
and the most economical means of reproduction. 



Exercise (411): 

1. Match each technique in column B with the 
definition in column A. 



Column A Column B 

(1) Based on the principle that a. Letterpress. 

grease and water repel each b. Intaglio. 

othet. c. Lithography. 
(2) Used by most magazines and d. Offset. 

newspapers* this method uses 

raised surfaces. 
(3) The printed impression is 

transfened onto a rubber 

blanket and then prints the 

image on paper. 
(4) Letters or designs to be printed 

are etdied below the printing 

surface. 



412. Define, list, and differentiate among the processes 
for prcpariir2 copy for printing. 



Copy. When the art editor assigns you an article for 
layout, you receive a package which usually contains 
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two or three sets of copy, assorted photographs or 
sketches, and general layout instructions. 

Look closely at the copy. You will And that one set ts 
printed on coarse, cheap paper. This is called the gaily 
copy. It is a proof page used to check for mistakes after 
the type has been set. This galley copy is used to 
complete your rought layout. 

The other set(s) of the copy is called the slick copy. 
This copy is printed on good quality paper stock that 
has a smooth surface. This is a flce-quality copy and 
photographs quite well. This is used to paste up your 
final layout. 

Layoat* Copy layout and design is much like 
arranging furniture. You continually move the copy, 
titles, pictures, and border areas until you have a design 
that sets the mood for the article, is easy to read, and is 
uncluttered. 

Standard formats are used for most publicat^ions. 
These formats are double-page-size cardstock sheets 
that are marked to show colunm layout bordcrs» center 
gutter, page information, cut lines and bleed areas. 
These formats are usually marked in light blue ink so 
the layout lines will not produce on the photographic 
plate (fig. 3-3). Once you have your copy, mstructions, 
and format, you are ready to start your layout. 

The layout procedure is vsually completed in a series 
of steps. These steps are as follows: 

1. Get a clear idea of what is needed for the article. 
You should read the copy and any enclosed instructions. 
Look at any photographs that the author sent with the 
copy. Formulate some general fdeas and then, if 
necessary, call the author and talk over your ideas. 

2. Do a complete series of thumbnail sketches. You 
can woik out general ideas and layouts at this tune. 
Choose the best two or lliree thumbnails for further 
de/elopment. 




Fifure 3*2. Planographic printinf. 



3. On a sheet of tracing paper, mark out the format 
that you will use for this particular layout (2 or 3 
column). Use this to formalize your rough sketch. 
Arrange photographs, illustrations, and copy by 
blocking in their areas of placement. At this time, 
decide upon a final arrangement. 

4. Using your chosen rough as a guide, develop a 
comprehensive. On another sheet of tracing paper, 
again mark out your format. Measure your copy areas 
and cut your galley copy. Fit the copy into the areas you 
have roughed out for it and tape k ^own. This will allow 
you to adjust the copy to fit evenly in the column areas. 
At this time, draw wmdows to designate areas for the 
photographs. 

5. After you are satisfied with your comprehensive, 
start your final layout. Cut the sUck copy as determined 
by your comprehenshre. Adhere the copy to the format 
sheet by dther a light coating of an adhesive or by 
adhesive wax. Block out the wmdow areas for the 
photographs using fibn **ruby-lith," parapaque, or by 
blackening out the areas with ink or black paper. When 
your layout is photographed for the lithogn4>her, the 
negative will show these areas as clear windows. The 
photos are then screened as halftone negatives and 
"stripped-in" the wmdows. 

6. You are now ready to prepare the photographs for 
inclusion into the text. This step involves cropping, 
scaUng, and annotating the photos so the printer will 
know exactly what you need done. 

Cropping. Many times the photos that are included 
with the copy are not ideally suited for the layout. They 
may be the wrong size or contain too much unwanted 
image area. You can correct these deficiencies by careful 
cropping. 

When you crop a picture, all you are doing is cutting 
out everything that is unnecessary to the picture 
content. Cropping also allows you to put the photo into 
the proper proportion to fit the window areas on your 
IayoL» 

Cropping can be done in two ways: the tissue-overlay 
method or by using white opaquing fluid. Both methods 
do the same thing, but the tissue-overlay method 
doesn't destroy the photograph. No matter which 
method you use, always keep the cropped area of the 
picture in the same height-to-width proportion as the 
window area in your layout. 

Perhaps the easiest way to crop a photograph is by 
using the tissue overlay. This is done by placing a sheet 
of tracing paper over the entire photo and, using a red 
marker, draw a box around the desired picture area 
(remember, the box must be in direct propOTti<m to the 
layout whidow). Add dimension lines to the outside of 
the box and write in the desired heii^t and width sizes. 
Use your proportional scale to figure the percentage of 
enlargement or reduction necessary and annotate this on 

the tissue. The note should should ''enlarge to 

percent.** (See fig. 24.) 

The second method of cropping-— using white 
opaquing fluid to outlme the cropped area of the photo- 
graph--is as effective as the first. Once you have 
decided upon the are you want cropped, scale it to the 
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LAYOUT BOARD FOR PRINTED MATERIALS 



Figure 3-3. 



size you need, and lightly outline the area in ink. Using 
white opaquing fluid or white painty punt around the 
outside of the cropped area. This white border should 
be from 3/4 to 2 inches. Draw extension lines and 
dimension Unes next. HnaUy, print in the desired 
dimensions of the final photo for the layout. 

Whichever method you choose, make sure you give 
the printer complete directions as to which photo goes 
into whicU window. A simple method is to mark the 
windows in your layout alphabetically, also number 
your photos. Mark each photo where it should be placed 
in your layout. A typical note would read "insert photo 
1 page 12 in window A." This insures that your photos 
are pla^ in the proper windows. 

Scaling. Once you have cropped your photograph to 
the area you want shown and it is in the proper propor- 
tion» you must be able to tell the photographer how 
much to enlarge or reduce the area to be photographed. 
This is known as scaUng. There are two ways to scale a 
photograph. 

The first method uses a proportional scale, which will 
give you a percentage measurement. A percentage 
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PiCTUBE AREA TO BE ENLARGED 1 X 2^4 
PICTURE AREA m THE COPY S X 8'/, 
TOTAL ENLARGEMENT PERCENTAGE 365% 



Fxure 3-4. Photo tnnoutions. 
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PLACE A TRANSPARENT OVERLAY 
OVER THE ILLUSTRATION. 




ENCLOSE THE ILLUSTRATION WITH 
HORIZONTAL AND VERTICAL UNES DRAWN 
ON THE OVERLAY. 



i i 




TT 














DRAW A DIAGONAL LINE FROM ONE 
CORNER TO THE OPPOSITE CORNER. 



MARK OFF THE DESIRED REDUCED 
WIDTH AND DRAW A VERTICAL LINE. THE 
POINT OF INTERSECTION INDICATES THE 
CORNER OF THE REDUCTfON. 





A HORIZONTAL LINE DRAWN THROUGH 
THIS POINT WILL ENCLOSE THE REDUCfD 
MATERIAL. 



COMPLETED REDUCTION. THE HEIGHT 
CAN BE USED INSTEAD OF THE WIDTH. IF 
THE HEIGHT IS THE LIMITING FACTOR 
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measurement is easier for the printer to read and makes 
the job a lot easier. 

To find the percentage for enlargement or reduction 
is a simple task. Find the horizontal dimension of the 
cropped area of your photo on the small» inner wheel of 
the proportional scale (the mner wheel is marked '!size 
of orii^nal'*)* Align this dimension under the under that 
corresponds to the dimension of the window on your 
layout. This dimension is located on the larger, outside 
whed of the proportional scale. The percentage 
measurement of eidargement/reduction is then read in 
the window opening of your proportional scale. 

Annotating. Annotate on the tissue overlay or on the 
back of the photo, the percentage of enlargement/re- 
auction necessary for the photo to flt the byout. The 

noution should read "shoot percent." The 

printer can then adjust the repro camera to make an 
enlargement/reduction of the original photograph. 

The second method is shown in figure 3-5. The steps 
in the procedure are also given in the illustration. 

Your hyout is now ready for the printer. Wrap 
everything up carefully to protect your work during 
transport. 



Exercises (412): 

1. What h the difference between the galley and the 
slick copy? 



2. Why is it necessary to complete a series of 
thumbnail sketches? 



3. What purpose does your comprehensive serve? 



4. What three methods can be used to block out 
windows for photographs? 



5. What is meant by "cropping" and what are the two 
methods most conunonly used? 
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6. How can you make sure the photographer will place 
the photos in the correct windows? 



7* What is a good tool to use when scaling 
photographs for printing reproduction? 



413. Explain the htlftone process In terms of the 
procedsret ased. 



Hatftoae. The printing processes that we have 
discussed print bUck and white only. We have also 
discussed the use of photographs in conjuction with the 
printing process. Photographs are seldom limited to 
black and white only; they also contain a full scale of 
gray tones. How can a printing process that prints only 
black and white also reproduce the tonal gray values of 
a photograph? The answer lies in the halftone process. 



As you recall from Vol 2, you can produce tonal 
qualities of the gray scale using only black and white 
media* This is done through the use of graded line, 
Crosshatch, or stipple line techniques. 

The halftone process is very similar to the stipple 
technique. This process breaks up the continuous tones 
of the photograph into thousands of small dots. These 
dots vary in size and spacing so that when viewed from a 
distance the eye is tricked into seeing a variation of tone. 

Contmuous-ione drawings and photographs are 
''screened" to produce this dot pattern. That is, the 
continuous-tone photo or drawing is photographed 
through a screen. The screen is made of two pieces of 
optical glass that have parallel, opaque lines running 
across them. These two plates arc fastoied together with 
the lines at right angles to each other. The lines of the 
screen are made in various thicknesses. The width of 
these lines determines how many lines per inch the 
screen contains. The amount of lines per inch indicates 
the fineness or coarseness of the screen. Screens are 
produced in various degrees of density to accomodate 
the job requirements. Listed from fine to coarse, the 
screens are designated as follows (these are line-per-inch 





Figure 34. Bourses Solotone. 



designations): 50, 55, 60, 65, 85, 100, 110, 120, 135, 
150, 175, and 200. The lower the number, the coarser 
the screen. 



Exerdses (413): 

1. Why can't a continuous-tone photo be reproduced 
on a printing press? 



2. What does a screen do to a continuous-tone 
photograph? 



3. What is a screen? 



4. What determines the coarseness or fineness of a 
screen? 



414. State the purpose of photo retottcUng, 



RetoacUig. If the photographer fails to get all of the 
qualities that are necessary to make a photograph 
suitable for reproduction, you> as an illustrator, must 
add the missing qualities by retouching the photograph. 

For example, let's look at figure 3-6. At the first 
glance^ it appears that the photographer did bis job 
exceptionally well; and he did> except for some things 
that were unavoidable or unintentioiudly overlooked. If 
the purpose of this photograph is to show how the 



machine pictured in the photo is operated, the reader 
would have to overcome some distracting influences to 
focus his fuU attention on the subject of the 
photograph. For instance, he might be distracted by the 
conglomeration of waste paper and excess film strips in 
the lower-right comer of the photo. The background, 
too, might prove distracting. It certainly doesn't add 
anything to the subject of the picture— the operation of 
the machine. Let's see how we can improve the photo by 
retouching it. 

Look at figure 3-7. This figure shows how the photo 
appears after retouching. Notice that the distracting 
influences have been removed— the waste paper and 
film are gone, and the background has been subdued by 
placing a piece of translucent material over it. Now, 
let's see how this phanton effect was accomplished. 

The technique that was used to subdue the back- 
ground in figure 3-7 is shown in figure 3-8. The process 
involves the use of Bourges Solotone sheets. These 
sheets are specially prepared acetate sheets covered with 
transparent, uniformly light or dark tones that are 
removable. The photograph shown in figure 3-8 is 
covered with a white Solotone sheet. The illustration 
shows the covering material being scraped from the area 
over the part of the photograph which is to stand out 
clearly in the final print. 

The use of Solotone is a simple process. Here are the 
steps you use: 

1. Select the sheet that will provide the desired 
opacity by placing test sheets over the artwork or photo* 
You may want to lighten or darken a particular area. 

2. Place tiie selected sheet (dull side up) over the 
artwork or photo and attach it to one side of tiie copy, 
using either plastic or making tape. 

3. Remove the tone where it is not wanted. This is 
done either by scraping with either a plastic stylus or by 
applying liquid color remover. 

4. Slip a sheet of black paper (or white paper if you 
are using dark Solotone) under the Solotone sheet to 
check for any areas that may not have been removed 
completely from the sheet. 

5. After you have completed the scraping, place a 
protective cover sheet over the entire copy. 



Exercises (414): 

1. What is the purpose of photo retouching? 



2. How can the background of a photograph be given' 
a faded-out or phantom effect? 
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3-2. Color Soparttlon Procttttt 



When an illustration is to be reproduced in full color, 
four separate printing plates are required— a plate for 
each basic colon The four basic colors are red, yellow, 
blue, and black« This process of sq)arating the colors 
may be done by the illustrator, photoengraver, or 
lithographer. 



415. State why black is used in color reprodaction and 
relate photoengraviiv processes to their descriptioos. 



Piiotoengniviiig Processes. The photoengraver uses 
Alters and sensitized emulsions to eliminate the three 
colors not desired on the negative being made. For 
instance, if there is green in the subject being 
reproduced, the photoengraver uses a filter that allows 
the desired amount of yellow and blue through to those 
negatives and holds to a minimum the red and black in 
the green areas. 

Indirect method. There are two basic methods that 
the photoengraver uses to make separation negatives. 
One is the indirect method of color separation, wherein 
continuous tone-separation negatives are made; then 
contact positives are made from these negatives, 
retouched, adn rephotographed as halftones. This 
method is a particular advantage with difficult copy 
having very dense areas that would be almost impossible 
for the finisher to open up when furnished with an 
ordinary set of prints. 

Direct method. The second method of color 
separation is the direct method. This method is used 
when, in the opinion of the photographer, it is possible 
to make halftone color separation negatives directly 
from the copy. The direct method operates as follows. 

The photoengraver makes screen negatives direct 
from the artwork by using filters. The screen negatives 
are'then printed on metal, and the color etcher not only 
etches the picture into the metal but also color-corrects 
by etching as necessary to obtain as nearly a reasonable 
facsimile of the artwork as possible. 

Filter principle. Color separating is subtractive and 
utilizes Alters that are complementary to the color 
eventually to be used for printing. Thus, a blue-violet 
Alter transmits blue-violet but stops yellow. This filter is 
used to produce the yellow printer. It works as follows. 

The colors transmitted by this filter are red and blue 
(note that these are two of the three colors that 
ultimately will be used in the printing), and these are the 
only colors that will affect the photographic plate. 
When developed, these areas in the negative will be the 
most dense. When a print is made from this negative, 
the values will be reversed, the result being that the 
dense negative values of red and blue will be the lightest 
values in the print. This is the reason that it is most 
appropriate to refer to this as the subtractive process. 

While all this is going on, the yellow of the original is 
being absorbed by the Alter; so all yellow areas will be 
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most transparenty in the negative (consequently, most 
dense in the print). By subtracting the red and blue, the 
image of all the yellow becomes isolated or separated. 
When such a print is in the proper yellow, comple- 
mentary to the filter color, it will represent all of the 
yellow in the original no matter whether it be a yellow 
alone or a yellow that is part of another color, such as 
green. 

The red printer is made by following the same 
procedure except that a green (yellow-blue) Alter is 
used; the blue printer is made by using the orange 
(yellow-red) filter. 

The fourth color. It is impossible to match or 
duplicate a brilliant color approximating the printing 
ink itself, since in each case the ink absorbs such a large 
percentage of its own color, instead of reflecting it 
completely. The superimposition of all the inks full 
strength will not generally give a dense neutral black, 
but rather a greenish or reddish black, depending on 
whether the red or blue-green ink has the greater 
absorption deAciency. Hence the need for the fourth 
impression to give a neutral black rendering. 

Illustrator considerations. The copy for process 
plates should be prepared with the limitations of the 
color process in mind. If your copy features metallic 
objects that are painted with metallic colors instead of 
ordinary pigments, you cannot expect the engraver to 
match this effect with process color alone. If some parts 
of your copy are prepared with a brilliani-chrome 
yellow and other areas with a pale-lemon yellow, the 
engraver will have to try to approximate these with 
process colors. 

Bear in mind the difference between the texture of the 
drawing surface and the pages on which the print is 
made. Do not expect color printed on glossy stock to 
have the same soft feeling of watercolor painted on 
watercolor paper. Also, the whites of a copy cannot be 
reproduced faithfully when printing is done on cream- 
colored stock. 

When you reduce a color by adding white to it, you 
must bear in mind that the resulting color becomes a 
false color photographically and cannot be reproduced 
faithfully. The only way thu. the engraver can approxi- 
mate a whitod-out or reduced color is to lighten the dot 
tone value on the inking surfac:; of the printing plate, 
allowing more white paper to come through. 

Color Separation Drawings. An illustrator is often 
called on to make color-separation drawings that the 
engraver or lithographer uses to make the printing 
plates. These drawings may be simple instructions the 
lithographer uses in separating the colors, or they may 
be the work of a skilled artist who does the job of color 
separation that color Alters do automatically. 

Tissue overlay. Perhaps the easiest method for the 
artist to use to indicate color separation is the tissue 
overlay. In its simplest form this method consists of a 
sheet of tissue (tracing paper) laid over the artwork, 
with the color areas blocked in with crayon or pencil. 
This overlay is used by the lithographer who does the 
actual regbtering of the separate pieces by adding the 
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Figure 3-9. Color-separation techniques. 
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lap on the flim with opaque pamt. This tissue method 
can also be used to indicate a perfect register. 

Key line. This method is often used for color work 
with large masses. First, an outline of the color lap is 
drawn with & ruling pen. Then the area on the inside and 
the outside of this line is filled in with black, ukp to 
within 1/16 inch from the line. This leaves a thin white 
area on both sides of the design line. A tissue overlay is 
used to hidicate the areas of color. 

The lithographer makes a negative and a positive of 
this drawing. One is made by filling in the center and 
taking out the background; the other by filling in the 
background and taking out the center. Since the line is 
common to each, it forms the width of the overlap. The 
weight of the line depends upon the colors to be used. A . 
set of light and dark colors can have more overlap than 
a set of two light colors or a set of two dark colors. 

Acetate oyeHay. In this method the artist draws 
separate artwork for each color, judging, for instance, 
the value that must be provided on the red artwork and 
on the blue artwork to give the conect shade of violet 
when the job is printed. A typical example of the work 
that must be done is shown in figure 3-9. 

The plate at the upper left in figure 3-9 represents the 
colored illustration that is to be reproduced. This plate 
is sent along with the others to be used by the 
lithographer as a guide for the finished print. Notice 
that it also includes three register marks, crop marks, 
and dimension histructions. 

An acetate sheet is placed over the original drawing, 
frosted side up. Then the crop marks and register marks 
are made exoctly over the original marks. Next, the 
areas containing the color which this plate will be used 
to produce are outlined and filled in with black India 
ink. This procedure is used for the plates of aU three 
primary colors and for the black plate. In this particular 
examkple, a 30-percent black, halftone screen plate is 
also made, which will be used to gray some of the areas 
of color. This plate will be combined with the black 
plate in the process of making the black printing plate. 

To achieve lap register, the design in each plate is 
made a little larger than its background to insure a slight 
overlap. The element to appear in the lighter color 
should overlap into the darker color. 



Exercises (415): 

1. Why is black used in color reproduction? 



2. Match the most appropriate photoengraving 
processes in column A with the descriptive 
statements in column B. 



Column A 



(5) Orccn fUter. 

(6) Red printer. 

(7) Blue printer. 

(8) YeUow-red Alter. 

(9) Neutral black 

(10) Huue overlay. 

(11) Key line. 

(12) Acetate overlay. 



Column B 

c. Stops yellow. 

d. Color areai are blocked in 
with crayon or pencil, 

e. Pl£ced over original draw- 
ins, frosted side up. 

f. Oreen filter used. 

g. Screen negatives made from 
artwork by using filters. 

h. Advantageous with difficult 
copy (having dense areas 
that would be almost 
impouible for finisher to 
open up with ordinary set 
of prints). 

i. K:i\%i draws separate 
artwork for each color, 
judging the values to be 
produced. 

j. Design in each plate is made 
a little larger than iu 
background. 

k. Used when it is possible to 
make haiftone^lor*sepa- 
ration negatives from copy. 

1. Screen n^atives are printed 
on metal, the color etcher 
etcha the picture and color 
corrects. 

m. Yellow-bhie. 

n. Orange filter. 

0. Fourth impression. 

p. Easiest method for artist to 
indicate color separation. 



Column A 

(1) Indirect method. 

(2) Direct method. 

(3) Blue-violet filter. 

(4) Up register. 



Column B 

a. Continuous-tone separation 
negatives are made. 

b. Used for color work with 
large areas. 



Copy Camaraa 



Photogr^)hy is a very important part of printing; the 
two go together. If your unit has a large requirement 
for printed materials development, you may need to be 
familiar with copy cameras. 



416. Identify and define the components of a copy 
camera. 



Copy Cameras. Copy cameras are a very important 
part of the printing field. They are used to enlarge or 
reduce titles and copy, screen photographs, or produce 
positive or negative copy. 

There are quite a few svstems in use today. These 
include, but are not Umited to, POS ONE Systems, 
Polaroid Systems, and the Princeton Land Cameras. 
Although these systems are different, they all have the 
same basic components. These components are the 
copyboard, copy lights, lens assembly, ground-glass 
focal plane, timer, and on some units, an automatic 
processor. We will look closer at these components and 
discuss their functions. (Refer to Hg. 3-10.) 
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U Copyboard Tinier 

2. Copy Lights 5. Glass Focal Plane 

3, Lens Assembly 6, Automatic Processor 




MOVABLE BACK AND LENSBOARD 



Figure 3-10. Copy camera. 
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Copyboard. The copyboard of a camera system is a 
flat surface upon which the copy is atUched for 
photographing. The board itself» has a series of 
centering lines. These lines allow you to place the copy 
in the focal center of the camera. The board usually has 
a piece of nonglare glass that lies on top of the copy to 
hold the nuterial flat and eliminate glare; some units 
have a vacuum board that holds the copy. The 
copyboard pivots flat for the placement of copy. 

Copy lights. As a rule» these lights are atUched to the 
copyboard and travel along with it. Their function is to 
provide strong, flat, and continuous illumination to the 
copy as it is bdng photographed. The lights are usually 
arc lamps, quartz iodine lamps, or pulsed xenon lamps. 

Lens assembly. As in any camerm system, the lens 
assembly plays a vital role. This assembly contains the 
light-controlling mechanisms that allow you to properly 
expose the fihn. This assembly contains a series of glass 
lenses that focus the light, an adjustable aperture that 
controls the amount of light, and a shut;er that limits 
the amount of time the light strikes the flbn. Most 
cuneras have an automatic focus. Usually, the only 
adjustment that is necessary is the aperture setting. 

Glass focal plane. The focal plane is a sheet of 
frosted glass mounted at the back of the camera. The 
light entering the lens assembly projects an image on the 
glass. The image is then focused; the glass is removed; 
and the fllm is placed in a frame and inserted into the 
camera. 

Timer. The timer b a clock mechanism that holds the 
shutter open and the lights on, until a complete 
exposure has been made. 



Automatic processor. Some units have an automatic 
processor attached to them. This processor develops the 
fihn or print using a four-stage self-contained system. 
The processor keeps the developing chemicals at the 
proper temperature at all times. These systems are 
costly, but they are extremely convenient. 



Exerdses (416): 

1. What is the function of the copyboard? 



2. Name three types of lamps used in copy lights. 



3. Name the parts of the lens assembly and give the 
function of each. 



4. Which component of a copy camera is a sheet of 
frosted glass that is mounted in the rear of the 
camera? 



5. What is the function of the timer? 
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3-4. OVERHEAD, OPAQUE and ENLARGE- 
MENT/REDUCTION PROJECTORS 

Sometime in your career as an illustrator, you may need 
to enlarge a picture beyond the capabilities of your camera 
systems. How would you reproduce an illustration large 
enough to cover the side of a small aircraft hangar? 

The simplest method for producing oversized 
enlargements would be by using overhead, opaque, and 
enlargement/reduction projectors. In this section, we will 
discuss the description, controls, and maintenance of 
overhead, opaque, and enlargement/reduction projectors. 

416a (420— for CE feedback reference only). Explain 
the dilTerences In the operation of overhead, opaque, 
and enlargement/reduction projectors. 

Descripticm cf Overhead Projector. The transparency 
projector we will use is the 3M Model 213 series. We will 
discuss a model with all the options to show the different 
capabilities of transparency projectors. All data and 
illustrations are used with the permission of the 3M 
Company, This projector is 15 inches (380mm) wide, 16 
inches (405mm) deep, and the body height is 9*/2 inches 
(240mm). The height to the top of the projection head is 30 
inches (680mm). This series of projectors weighs between 
22 and 30 pounds, depending on accessories and power 
supply options. It has a 12 7/8-inch triplet lens system with 
a front surface minor and a lOVi-inch by 10y2-inch stage 
aperture. 

Controls. Refer to figure 3-11 as we discuss the 
following controls. 

Lamp change lever. This projector has two lamps. When 
the primary lamp fails, turn the projector ofT and slide this 
lever to the secondary lamp position. 

Lamp intensifier switch. When this switch is in the HIGH 
posiUon, the light output increases 10 percent. This switch 
is used for special transparencies or screens that have a 
problem with ambient light. It should be noted that the life 
of the lamp is reduced by half when using the higher light 
output. 

Optical tuning wheel. The projection lamp height can be 
manually adjusted by rotating this wheel on the back panel. 
This tunes the projector for optimal performance on 
different-size screens and eliminates the red and blue 
comen. 

Lamp indicator light. This warning light on the front 
panel indicates when the second lamp is being used. 
Always replace the primary lamp before the next 
presentation. 

Care and Maintenance. This projector, like all other 
pieces of AV equipment, requires preventive maintenance 
to insure a long, useful life. The projection lamp, lenses, 
and mirrors require careful handling to prevent damage. 
The following paragraphs will cover the basic care and 
maintenance procedures. 

Lamp replacement. This projector uses an ENX lamp that 
will last about 170 hours at high intensity and 370 hours at 
low intensity. If your projector doesn't contain a second 
lamp, allow the lamp to cool for a few minutes. Next and 



most important, UNPLUG the power cord. Rotate the 
optical tuning wheel on the rear of the projector 
counterclockwise until it stops rotating. Push down the 
button which releases the access door and raise the door. 
Pull the lamp ejector lever toward the rear of the projector 
and the lamp will come out of its holder. Lift out the 
buroed-out lamp and insert a new one, making sure to wipe 
off your fingerprints. Close the access door and turn on the 
projector. The final step is to rotate the optical tuning wheel 
until the image is white and has no red or blue comers. 

Cleaning. The only optical surfaces that require cleaning 
are the outside lenses of the projection heads and the top 
surface of the optical stage. Clean the surfaces with a mild 
detergent solution and a clean, soft, lint-frce cotton cloth. 
Do not use paper towels to clean the surfaces because they 
will bppome scratched. Jo avoid permanent damage to the 
surfaces, be sure to rinse and dry them a^cr cleaning. 

The^rrors in the body and in certain projection heads 
are ftoxiX surface mirrors and must not be cleaned. Front 
surface mirrors have the reflective surface on the front of 
the glass. These mirrors do not reduce image brightness or 
clarity, which is a problem with conventional mirrors. 
Renaove any surface dirt on these two mirrors with a 
cameFs hairbursh only. 

Opaque Projector. The projector we will use for our 
discussion is the Besseler Vu-Lyte III Opaque Projector. 
All data and illustrations are used with permission from the 
Charles Besseler Company. It is 1816 inches high, 13 
inches wide, and 201^ inches long. It weighs about 33 
pounds. It will project all opaque substances up to 10 
inches. It uses a 1000-watt lamp and delivers 145 lumens on 
the screen. 

Contn)ls. Refers to figure 3-12 as we discuss the 
following operation and adjustment controls. 

Switch, This three-position switch turns the projector on 
and off. Its middle position is for cooling. 

Feedomatic and feedomatic handle. This conveyor belt 
feeds material in smoothly for projection. Turning the 
handle will move the material and center it on the screen. 

Pointer widow and handle. This window projects a small 
arrow to emphasize any area on the screen. To move the 
arrow image vertically on the screen, turn the pointer 
handle up or down. To move the arrow image horizontally, 
move the pointer handle to its left or right. 

Copy space lock and handle. These are used to open the 
carriage to project thick copy. 

Elevating lock handle. Turning this handle releases the 
spring-loaded elevation legs and raises the screen image. 

Set up. Place the projector on a projection stand or table 
so tliat the feedomatic is at a comfortable woilcing level. 
Plug in the power cable and open the lens cover. Turn the 
switch to the ON position, insert the copy, and focus it on 
the screen by rotating the focus knob. Adjust the screen 
image laterally by moving the projector from side to side. 
Adjust the vertical image by turning the elevating lock 
handle counterclockwise. When the image is the proper 
height, lock it into position by turning the locking knob 
clockwise. 

You may also increase the range of magnification by 
loosening the lens screw and moving the lens backward and 
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Figure 3-12. Description of opaque projector. 
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forward. For large magnification, push the lens back into 
the mount abou! five-eighths of an inch. To reduce 
magniflcation, pull the lens out and about 1 inch. 

Operation. Insert the material to be projected in the 
space between the projector body and the feedomatic belt 
with the bottom of the copy toward the screen. Center the 
copy on the projection stage by turning the feedomatic 
crank counterclockwise for right to left, or clockwise for 
left to right. 

To project thick copy, release the copy space lock by 
pushing the slide button toward the front of the projector 
and simultaneously turning the handle. Turn the handle 
clockwise to increase the copy space and counterclockwise 
to decrease copy space. There is also an access door in the 
rear of the projector where you may insert oversized 
objects. 

There are two pieces of optional equipment that you 
should become familiar with. The iirst is a glass pressure 
plate that lies in a built-in sliding drawer. This is used to 
keep such items as photos and books flat for projection . The 
other accessory is the heat filter. This filter is used to 
provide additional protection to temperature*sensitive 
materials or thick materials that are to be left in the 
projector for long periods of time. 

Care and Maintenance. Simple care and occasional 
cleaning will keep this projector in good working order. 

Cleaning cf opticdl elements. The following optical 
elements should be cleaned by wiping with a lint*free cloth 
or Sens tissue. Because the projection lens is sealed at the 
factory, it is necessary to clean only the external surfaces. 
The rear surface of the lens is reached through the rear door 
of the projector. The parabolic reflector and secondary 
mirrors are also accessible through the rear door. The most 
important optical element on this projector is the front 
surface mirror. The mirror coating is very delicate, and care 
should be taken not to get fingerprints or other marks on it. 
Remove dust with a cameFs hair brush. If the mirror has 
been badly soiled, it may be wiped with a clean, lint-free 
cloth or lens tissue. This, however, will scratch the surface 
and should not be done unless the mirror has been badly 
soiled. 

Projection lamp replacement. The lamp can be changed 
through the rear door. To remove the old lamp, push the 
lamp down and turn counterclockwise one-half turn. To 
install the lamp, align the lamp socket ears with the 
matching slots in the lamp socket and turn clockwise. 

Motor. The motor is equipped with impregnated bronze 
bearings which should be lubricated with light machine oil 
every 6 months. The bearings are accessible by removing 
the front grill of the projector. 

Enlargement/Reduction Projectors. These projectors 
arc often called lucida projectors or **Lacey (Lazy) 
Lucies." They consist of a copyboard, a lens head, 
bellows, a light source, a ground glass projection plate, and 
a hood. These projectors are extremely useful toois for 
designers who want to enlarge or reduce artwork to fit a 
layout. The only drawback is that the projected image can 
be seen clearly only through tracing paper or some other 
translucent material, '^fhis means that the drawing must first 
be traced on the translucent material and then retraced on 
another drawing surface . 



Operation. Lucida type enlargement/reduction 
projectors use reflected light to project an image. The ideal 
location for this type of projector would be where the 
lighting can be controlled. 

The beauty of this type of projector is its simplicity of 
operation. The following steps outline the 
enlargement/reduction procedures: 

1. Place the item to be enlarged or reduced on the 
copyboard and secure it with tape. 

2. Cut a piece of translucent paper larger than the 
required enlargement/reduction. Tape this to the 
ground glass projection plate. 

3. Reduce the room lighting. 

4. Turn the projector lights on. 

5. Standing under the hood of the projector, you can now 
sec the image of your subject matter. 

6. Bring the image to the correct size by operating the 
sizing knob. 

7. Focus the image with the focus knob. 

8. You will now be able to trace the image on the 
translucent paper. 

Care and Maintenance. Simple caie and occasional 
cleaning will keep this projector in good working order. 
Qean the glass with a soft, lint ftee tissue and any chemical 
glass cleaner. Keep dust and dirt off the copyboard. Oil the 
focus mechanism tracks to keep them operating smoothly. 
Replace light bulbs as necessary using manufacturers' 
specifications and precautions. 

E:cercises(416a): 
1. What does the lamp intensifier switch do? 



2. What must you do after inserting a new lamp in an 
overhead projector? 



3. What are the only optical surfaces of an overfiead 
projector that require cleaning? 



4. How do you remove the surface dirt from the front 
surface mirrors of an overhead projector? 



5. How should material be inserted into an opaque 
projector? 



6. Which part of an opaque projector keeps photos and 
t>ooks flat for projection? 
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7. What is the purpose of the heat filter on an opaque 9. What is the major drawback of lucida-type projectore? 
projector? 



8. What is the most important element in an opaque 10. What is the ideal location for the operation of a lucida 
projector? projector? 
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CHAPTER 4 



Special Techniques 



THERE MAY BE TIMES when you will encounter 
special problems in graphics productions. Tnese 
problems normally deal with iQustrating on unusual 
surfaces or produdng unusually realistic tonal effects 
on an iOustraticm. There are two special tedmiques that 
are specifically suited to these problem areas. Silkscreen 
printing ia Hied f<^ printing on unusual surfaces and the 
airbrush is used to produce realistic tonal effects* In this 
chapter* we will discuss the characteristics and uses of 
these techniques. 



4*1. Airbrush 



The airbrush technique of using the wash medium 
presents the most lifdike rendering effects of any 
illustratinf technique. This technique can present 
realistic effects in tone because it is capable of 
produdng even tones* gradual variations in value, and 
sharp tone contrastt. The airbrush $pp)k$ wash tc the 
illustrating surface in a fine spray which is driven by 
comprised air. 

Some airbrushes can r^ulate the dendty of the paint 
spray. Others are self^egulating, and the density 
increases as the opening to the paint reservdr is 
enlarged. The width of the spray is primarily dependent 
upon the proximity of the urbrush to the illustration 
surf ace— the doser the instrument is hdd to the surf acie, 
the narrower the spray will be. 

The airbrush is an excdlent medium for retouching 
photo|rq;>hic prints, and it is often used to i^er 
illustrations. Such airbrushed rendering is genendly 
made on illustration board; however, any rdativdy 
nonid)sorbent surface, if mounted on a stiff board, may 
be used. 



417. Stata special tochnlqaes and pitparatioas that 
apply to airbrasUag. 



The method of applying wash paints by the airbrush 
technique is rdativdy standard. As a tool, t!ie airbrush 
has limitations and operating requirements which 
dicute iu method of use. A typical airbrush as shown in 
figure 4-1 applies pabt in broad bands or sharp 
jets— dther in a coarse or fine spray. 



The most important requirement for rendering with 
the airbrush is a controlled and consistent i4n)lication of 
paint It is obvious that the density of the spray which 
reaches the ittustration surface will decrnse as the 
airbrush is moved away from the surface. Therefore, to 
achieve a consistent tone on a ^en area, the airbrush 
must be handled in such a way that the disUmce does not 
vary. Naturally, the size of the spray cone will vary in 
the same manner. Therefore, to obtun a band of tone 
of a spedfled and consistent width, the distance must 
not vary. 

Since the very diaracter of the spray is aerosol, it is 
not eaaly controlled by motions of the hand. Therefore, 
the presentation of sharpfy defined edges and details is 
aided by the use of shidds or masks. A mask may be 
mer^ a piece of pq)er cut to the desired shq>e and hdd 
directly on the ilhistratiim surface. Thus, a sharp outline 
win be imdttced when paint is qn^ied around it. The 
disadvantage of ushig a mask is that the mask 
temporarily obscures the area of the illustration that it 
covers. Frcm the stand^^t of accuracy, and the fact 
that notUng is obscured, a frisket or other transparent 
or semitranqwrent paper is more desirable. 

Frisket p^Kr is a special paper that is semitrans- 
parent, very thui, mxiabsorbent, and earily cut. This 
type of mask is hdd or cemented directly to the 
illustrating surface, thus producing a sharp outline of 
the mask where aiihrushed. 

Another type of mask, or shidd, is the raised mask. 
The raised ixiask is used when the density and sharpness 
of tone on the top and bottom of an airbrush stroke 
must vary. By varying the angle at which the spray 
strikes the mask, the sharpness of the bottom edge of 
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Fisure 4-1. Main compoaoits of an airbrush. 
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Figure 4*2* Removing or inserting the needle of mn urbmb. 



the tone is made to vary. Of course, the width and 
diffusion of the top edge is controlled by the distance of 
the airbrush from the paper* 

An airbrush may be used with either transparent or 
opaque wash* Generally, the transparent wash is 
lampblack diluted to the value used for middle-gray 
washes* Tone gradations are accomplished by repeated 
application of paint The tone will darken as the density 
of the apfdicdingment is increased in a particular area* 

Wiih opaque washes, tonal gradations are accom- 
plished by the mixing of white with the black* These 
opaque washes are prepared in progressive values from 
slightly dmricer than white to slightly lighter than black* 
By dilutmg any one of these tones, a transparent effect 
can also be obtained* The transparency thus obtained 
can be graduated in tone value from slightly darker than 
white to the original opaque tone* 

The methods of working in transparent or opaque 
media differ considerably* When working in 
transparent wash to render an area with strong 
highlights and shadows, only the darks are airbrushed, 
leaving the highlights* This is necessary since dark 
transparent pigments can only darken a white 
illustrating surface* 

When using the opaque method, it is possible to 
apply a middle tone gray and then apply darker grays or 
blacks for shadow and lighter grays or white for the 
highli|hts* The opaque method aUows more control 
over shapes and vidues* Corrections and changes can be 
easily made by repaintmg with any value desired 
whetiier the denred value is lighter or darker than the 
underpaint* 

Prtpanittoat for AlrbrasUag. It is advisable, before 
using the airbrush, to remove the handle and see that the 
needle is seated properly and tightened securely in place* 



Turn the needle locknut counterclockwise to loosen the 
needle* Gently remove the needle from the brush, as 
shown m Hgure 4-2* Notice that the point has a very fine 
taper* It is important to protect this point at all times 
mid to handle it carefully, as the slightest mjury to the 
tip of the needle will result in improper functioning of 
the brush* When replacing the needle, rest one of your 
fingers at the end of the needle locknut, as shown in 
Hgure 4-2, to steady your hand while inserting the 
needle* 

After assembling the airbrush, attach the color cup to 
the brush by inserting it in the hole on the right side of 
the brush just forward of the control lever* Do not force 
the cup in too hard, or the hole will be enlarged* The 
cup is held in place by friction* The cup should be 
adjusted so that it is m a vertical position when the 
brush is held at an angle of at least 4S* to the illustration 
surface* 

The pressure used to operate the airbrush is supplied 
by an air compressor, carbon-dioxide tank, or 
compressed-air tank* In any case, a regulator is used to 
maintain the correct pressure to the airbrush* A typical 
setup is shown in figure 4-3* This particular regulator 
has two gauges— one mdicates the pressure m the tank 
and the other indicates the amount of pressure applied 
to the airbrush* 

To adjust the regulator to the proper presstirc for air- 
brushing, first close the air outiet leading to the airbrush 
tubing and turn the regulator handle counterclockwise 
until all pressure is relieved* Then open the valve on the 
tank* The pressure m the tank should register on the 
gauge on the right* If the regulating handle has been 
backed out all the way, there should be no pressure 
indicated on the airbrush pressure gauge dial* In the 
event that some pressure is recorded, wait until the 
pomter stops moving before turning the regulator 




Flgatt 4-3. Air retulaton 
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handle* When the pointer comes to rest, the pressure 
can be increased by turning the regulator handle 
clockwise very slowly. Raise the pressure until the dial 
reads 2S pounds. The regulator is now set and will 
require no further attention. To turn off the air, you 
only need to cut it off at the tank valve. 

Now you can attach the airhose to the regulator and 
to the airbrush. However, before attaching the hose to 
the brush, allow some air to pass through the hose to 
blow out any foreign matter that might be in the hose. 
Then screw the airbrush gently into the hose coupling, 
being careful not to strip any threads. As a general rule, 
handtightening is sufHcient, but if air should leak out at 
the hose connection, tighten the swivel nut with the 
small wrench that comes with the airbrush. 

Mix the desired pigment (lampblack or opaque color) 
to the denred consistency. Then transfer the solution to 
the cup by means of a bristle hmsh or an eye dropper. 

Figure 4-4 shows the sequence you should use to 
obtain the proper grip on the airbrush. When you grasp 
Ithe brush in this manner, the hose ynH be restrained by 
your wrist and will not flop annoyingly over the paper 
or in front of your work. You are now ready to 
airbrush. 

Opcntiag the Alrbrask. Air and paint that pass 
through the airbrush are controlled by manipulation of 
the control level. The operation-is shown in figure 4-5. 
When the control lev * is in the raised position, as 
shown in the illustration to the left, neither air nor paint 
passes throu^ the brush. When the control lever is 
pushed down, as shown in the center illustration, air 
passes throu^ the brush but no paint is discharged. 
Pulling the control lever rearward releases the paint 
which is picked up by the airstream and sprayed from 
the nozzle. The amount of paint issuing from the brush 
is governed by the extent to which the trigger is pulled 
back. 

As shown in figure 4^, for airbrush painting flat 
tones, the airbrush should be held about 8 inches 
(2O3.20nim) away from the pi^* In applying a flat 
wash, you use an arm movement, moving the brush 
back and forth across the paper at a slow, deliberate 
speed. The brush should be maintained at the same 
height and be point ahnost at right angles to the paper 
throughout the stroke. You should move your hand and 
forearm fcross the page without bending the wrist, the 
movement being from the shoulder. 

On approaching the right edge of paper on the first 
stroke, press the control lever all the way down. This 
action rdeaies only the air. Do this without stopping or 
slowbg down the movement of your hand. All actions 
must be smooth and coordinated. 

Now» while holdbig the control lever down, pull back 
on it slowly and ev«dy, releasing the point. The paint 
shouU dry almost as soon as it reaches the paper; if it 
puddles or fans out in streamlets, you are pulling back 
too far on the control lever or you are working too close 
to the paper. 

After reaching the left edge of the paper, allow the 
control lever to move forward to its starting position so 
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Figure 4-4. Procedures for obtaining the 
proper grip on an airbrush. 

that the paint flow is gradually cut off. Then stop the 
motion of your arm. 

Now start the next stroke in the opposite direction, 
following exactly the same procedure as before. Allow 
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Figure 4-5. ControUitig an airbrush. 

the spray to overlap the previous one along its edge. 
Continue these alternate strokes down the paper until 
the area is covered with a flat, even tone of color. 

In airbrush painting, using transparent pigment, 
tones are built up gradually. If you desire a darker 
wash» go over the area again, starting at the top and 
repeating the procedure until the desired tone is 
obtained. A graded wash is best secured by starting at 
the bottom of the area with a light flat Wash and 
allowing it to fade out near the top on the first passage." 
Then, start at the bottom again but do not take the 
spray up quite as far as on the previous passage, 
repeating this procedure until the required gradation is 
built up. 

Figure 4-7 shows some of the common effects of 
improper airbnishing. The causes of the effects are 
listed bdow: 

Grain. If the pattern becomes very grainy, it is 
generally because the pigment has not been diluted 
sufficiently with water. Grain may also be caused by an 
accumulation of paint on the airbrush tip, too low air 
pressure, or a bent needle. 

Paper buckling. If the paper blisters or buckles, the 
paint is too thin, or too mudi paint is being applied to 
the paper during each stroke. 

Blobs. If large spots of paint occur at the be^nning 
of each stroke, you are releasing the paint before the 
hand is in motion. If the blob is at the end of the stroke, 
you are not allowing the control lever to move forward 
at the end of the stroke, shutting off the paint supply. 

nared strokes. This is caused by not moving the 
whole forearm across the paper when middng strokes. 
You are merely turning the wrist in order to reach the 
edges of the paper. 

Centipede effect. This is caused by airbrush painting 
too close to the paper and by pulling back too far on the 
control lever. 

Splatter. Fairly large specks of color at the beginning 
of a stroke are generally caused by having allowed the 
control lever to "click" forward too abruptly at the end 
of the previous stroke. These specks may also be caused 
by clogging. 

Curved strokes. Curved strokes are caused by 
dipping the hand down toward the paper. The hand 
should be kept at a uniform distance from the paper 
during a stroke, except where a line of varying width is 
desired. 

Usfaig a Frbket« When an area of an illustration is not 
to be painted, it is usually protected by means of a 
frisket or mask. The procedure for using a frisket is 




Figure 4-6. Proper airbrush position. 



given and illustrated in figure 4-8, pages 1 and 2. The 
use of a mask is shown in figure 4*9. Masks may be cut 
out of paper or may be constructed out of masking tape, 
as the one shown in figure 4-9. 

Bask Rendering Tecludqae* To show the basic steps 
used in rendering an illustration by airbrush, using 
transparent wash, let's go over the steps used in 
rendering the sphere, shown in figure 4-10, as if you 
were airbnishing it: 

1. First, draw a circle with a compass and place a 
frisket over it. 

2. Cut out the circle. This can be done either 
freehand with a frisket knife, following the circle very 
carefully, or by using a blade in a compass. 

3. Remove the frisket from the sphere and clean o^f 
the excess rubber cement. 

4. Airbrush paint a very faint tone all around the 
edge of the sphere, allowing some of the tone to fall on 
the frisket. This should be done in short strokes, 
working in both directions. Long strokes would be more 
difficult to control. Keep the tone as even as possible, 
fading out gradually on the inside edge. 

5. Carry this tone up further from the bottom, 
leaving the highlight— a small circular area at the upper 
left of the sphere— as white as possible. 

6. Starting in the lower right area of the sphere a 
short distance in from the edge of the frisket, airbrush 
paint a shadow along the right side, across the bottom, 
and up the left side. 

7. Leaving a reflected light, begin the heavy shading. 
This shading should also be done with short strokes in 
all directions. When fading out at the upper right and 
upper left, however, work only in one direction. 
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Using opaque color to paint the same sphere is a 
much easier method, since you do not have to build up 
the tones gradually as you do with transparent wash. 
You merely lay down the middle tone and then add the 
highlights, shadows, and reflected light. 



ExercUet (417): 

1. Why is the airbrush an excellent tool for 
illustrating? 



2. How should you produce a sharp, straight edge of 
tone with an airbrush? 



3. What is used to vary the sharpness and density of an 
airbrush stroke? 




4. What is the principal difference between the 
techniques of airbnishing with transparent pigment 
and opaque pigment? 



S. What preparations must be made before using an 
airbrush? 



6. At what pressure should the drbrush be operated? 





Rgurc 4-7. Identifying airbrush painting problems. 



7. How is the airbrush controlled? 



8* What factors of operator control determine the 
quality of an airbrush stroke? 



9. What are the common effects that indicate an 
improper airbnishing technique? 



8. Airbrush paint a slightly darker tone off the edge 
of the frisket at the top of the sphere. Then, return to 
the lower right shadow area and continue to darken it, 
working in solid black tone. 
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4-2. Silk ScfMn Printing 

There arc many useful printing processes that 
incorporate certain features of letterpress, intaglio, and 
lithography, yet differ from these three basic processes. 

333 



Figure 4-9. Using t mask while tirbrushing. 



One of these you are likely to use in your job as an 
illustrator is the silk screen process. This process can be 
used for printing on surfaces that are difflcult to print 
on by any other method. Printing can be applied to 
fabrics, posters, glass, cUna, wood, cork, felt, metals, 
and ceUophane, as well as many other materials. 

The silk screen process is a stencil process. Three 
types of stencils are used— hand-cut stencils made from 
special film or lacquered paper, stencils prepared with 
brush and shellac odled tusche, and stencils prepared 
by the photographic process on a sensitized silk screen. 



418. Relate ternu aod procedures related to silk 
screcnhig with their descriptions. 



Materials. The materials needed to reproduce a 
design by the silk screen process are listed below: 

a. Medium-mesh silk (48 meshes per lineal inch). 

b. Adhering liquid. 

c. Stencil material (Piofihn, Nu-fihn). 

d. Stencil knife. 

e. Screen process paint. 
/. Reducing varnish. 
g. Squeege. 

A. Paper masking tape. 
/. Wooden frame, 
y. Liquid tusche. 
k. Lithograph pencils. 
/. Removfaig liquid. 



Printing Procednre. The flrst step in printhig by the 
silk screen method is to construct the frame if one is not 
already available to hold the screen. The frame should 
be built of lightweight, well-seasoned lumber, with 
strong joints at the comers. The frame should be 
fastened to a table or hoard with hinges, as shown in 
figure 4-11. The silk should be so laid that the threads 
are parallel to the sides of the frame. The silk is held in 



Figure 4*10. Rendering t sphere. 

place by a strip of twisted fibrous material which presses 
the silk tightly into a groove in the frame. It can also be 
stretched and tacked to the frame in a manner similar to 
stretching watercolor paper. 

Master copy. The ma5ter copy is made by composhig 
a layout of the design or illustration on drawing paper 
or bristol board the same size as the desired prints. 

Cutting the film. The fihn is a thin transparent 
material attached to a layer of translucent paper. A 
piece of flhn just large enough to cover the actual 
drawing is fastened over the master copy with the fihn 
side up. Thumbtacks or adhesive tape are used to fasten 
the film to the board over the master copy. A sharp 
stencil knife is used to cut the design in the fihn, cutting 
through only the fihn and not the backhig paper. As an 
area b outUned with the knife, the fihn covering the 
design to be printed is lifted carefully and stripped from 
the backing paper. 

Attaching the stencil to the screen. The stencil, 
backing paper and all, is placed fihn side up under the 
screen hi a position that will permit the correct 
application of the uik on the material to be prmted. 
Newspaper or other scrap paper is placed under the film 
to force it hito contact with the silk. A small soft cloth 
saturated with adhering liquid is rubbed quickly over a 
small area of the silk covering the fihn. A large soft 
cloth is wiped over this portion at once to absorb any 
excess liquid shice too much liquid will spoil the fUm. A 
darkening of the fihn usually hidicates that the fihn has 
adhered. 

When the enthe surface has been attached, allow it to 
dry for about 15 minutes, then raise a comer of the 
paper backhig to detach the backing from the fihn. If 
the flhn is raised from the silk at any pohit, it must be 
replaced, the screen turned over, and adhering liquid 
used until it is firmly fastened. 
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Figure 4-1 L Silk icrecn. 

The open spaces around the stencil are blocked out 
with adhesive paper or masking tape to prevent any 
unnecessary parts from printing. Tape^is also applied on 
the inside of the screen around the edges of the silk to 
prevent ink from working under the frame. The 
squeegee, which is a blade of rubber about 1/4-inch 
thick and which fits lengthwise into a slot of wooden 
handle, should be nearly as wide as the inside of the 
frame. The squeegee is placed at the top of the frame. 

Printing. A special paint is used. It is mixed to the 
consbtency of thick cream. The paper or cloth to be 
printed is fed against register guides (see the top 
illustration of fig. 4-1 1) on the board under the silk, and 
the screen is lowered over it. The paint is then poured 
upon the screen at (me end and pvJied across the screen 
with an even pressure stroke of the squeegee. This 
action forces the paint through the open portion of the 
stencil. This operation is repeated in the opposite 
direction for the next print. The entire procedure is 
repeated until the required number of copies are 
printed. 

Cleaning thtsUk. The fihn or paper stencil should be 
removed frora the screen after the run has been 
completed. Ttds is done by brushing a small amount of 
the film remover on the silk. After it stands for a few 
minutes, the paper stencil may be peeled off. If ;llm is 
used, it must be rubbed with cloth and removing liquid. 
The silk should be finally cleaned with the same liquid, 
by scrubbing it bfstween two wads of cloth dampened 
with the removing liquid. 

Methods of Prcidnchig StencUs. Besides the fihn 
method, there are several other ways of producing 
stencils. Some of the important other types of stencils 
are shellac, lacquer, tusche, and direct photography. 

Shellac stencils. The pai>er cut stencil is a simple and 
easy way to prepare the inuve for the silk. A sheet of 
thin tracing paper is first coated with two coats of 
orange shellac. The original drawing, made on drawing 
paper or bristol stock, is then covered with rubber 



cement. The shellac-coated paper is placed over the 
original drawing, shellac side up. When it is smoothed 
out, the cement will hold the tracing paper in place. The 
design is then cut through the tracing paper, and the 
parts that are to show up in the print are removed, while 
the centers remain in place. The screen is placed over the 
shellac-coated paper, and the paper is adhered to the 
silk by moving a warm iron over the silk on the inside of 
the screen. The iron should be just warm enough to heat 
the shellac and cause the stencil to adhere to the silk. A 
cloth with a few drops of alcohol on it may also be us^ 
to dissolve the shellac and make it adhere to the silk. 
The original drawing is stripped off after the stencil has 
been attached to the screen; then the rubber cement is 
removed by rubbing. The mesh of the silk must be 
cleaned wiUi benzine or naphtha in order that a dear 
print will result. The screen is then ready for mounting 
and printing. 

Lacquer stencils. A stencil similar to the shellac 
stencil can be made with lacquer. The paper is fint 
coated with lacquer, the design cut out and placed 
lacquer side up against the silk. It is attached by rdi^ing 
over the silk with a doth moistened with lacquer 
thinner, softening the lacquer and causing the stencil to 
adhere to the silk. The silk should be wiped with a dry 
cloth after it has been wiped with the thinner to take up 
the excess thinner and allow the lacquer to stick. 

Olue may also be used as an adhesive to mount the 
stencil onto the silk. It is applied in the same manner as 
the lacquer or shellac, using a damp cloth and a warm 
iron. 

Tusche method. Lettering and drawing may be 
applied to the screen by the use of liquid tusche. The silk 
screen is placed over the preliminary drawing, and the 
tusche is painted on the silk over the elements of the 
drawing. 

Although the tusche can be thinned out with distilled 
water, it is insoluble after it dries. Fish glue, thinned 
with water, is brushed over the entire screen on the 
inside, allowed to dry, and brushed on a second time. 
When this dries, the tusche is washed out by rubbing 
both sides of the silk with soft cloths soaked in 
turpentiiie. The dissolving tusche carries away the glue 
over it, leaving the clean screen open at all points where 
the tusche is applied. 

Masking paper is attached to the underside of the 
screen over all areas not opened, and scotch tape is 
fastened around the frame on the inside. 

Direct photographic method. Another method of 
preparing the screen is by photograph. Designs that are 
too intricate to produce on paper or fihn stencils are 
done by this method. Pictorial designs, pen and ink 
sketches, halftones, and other types of complicated 
subjects can be produced on the sensitized screen. 

The screen for the direct photographic method is 
coated with a bichromated solution of glue or gelatin. 
The coating is allowed to dry and the plate is placed with 
the fihn or ink side agahist the sensitized silk. It is 
locked in a contact frame and exposed to a strong light. 
The amount of exposure depends on the solution used 
and the intensity of the light. The screen is etched out in 
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warm water after it has been removed from the conUct 
frame. It must be kept under subdued light until it has 
been dampened on both sides. Enlarged or reduced 
prints may also be made. 



Exercise (418): 

1. Match the characterizing statements in column B 
with the item listed in column A. 



CoiumnA 

(4) Printing. 

(5) Lacquered stencil. 

(6) aeaning silk. 

(7) Muter copy. 

(8) Atuching stencil to 
saeen. 

(9) Sheliic stencil. 
(10) ?uKhe method. 



Column A 

(1) Direct pbotographic 
method. 

(2) Film. 

(3) Medium mesh. 



Column B 

ft. 48 per lineal inch. 

b. Made by making layout of 

design on drawing paper or 

bristol board. 



Column B 

c. Atuched to layer of trans* 
lucent paper, thumbucks 
or adhesive tape. 

d. Cloth saturated with adher- 
ing liquid is rubbed over 
small area. 

e. Special solution is used and 
poured upon screen at one 
end. 

f. I'les film remover. 

g. original drawing covered 
with rubber cement. 

h. Atuch by wiping over the 
silk with a cloth moistened 
with thinner, or glue. 

i. 56 per lineal inch. 

j. Can be thinned with 
distilled water. 

k. Used for intricate designs, 
pictorial designs, pen and 
ink sketches and halftones. 
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Answers for Exercises 



CHAPTER I 



Rcfefcooe: 



400 


-1. 


l.L 


406- 


2, 






2.b. 


406- 


3, 






3.h. 


406- 


4, 






4,1, 

5,d. 


495- 


5, 






6. f. 


406- 


6, 






7. C. 

8. g. 










407- 


2, 








408- 


1, 


401 


-2. 


Special -purpose table. 






401 


-3. 


Columns, rows, boxhe^d, captions, stub, and stub items. 






401 


-4. 


Accurate, timely, and clearly. 


408- 


2, 


401 


-5. 


Range of values. 


401 


-6. 


They help you to plot the data, and they enable the reader to 










assign a value to each plotted point. 


408- 


3, 


401 


-7. 


To keep from misleading the reader. To keep from creating a 
false impression when the data is expressed on a bar chart. 


402 


- 1. 


Bar chart. 


409- 


1, 


402 


-2. 


Pic chart. 






402 


-3. 


Line chart. 






402 


-4. 


To show progressive steps of an operation. 






402 


-5. 


Organizational chart. 






402 


-6. 


The movement of data through time and the magnitude of the 










dau. 


409- 


2, 


402 


-7. 


Interestingly prepared charts attract and hold attention. 






402 


-8. 


Determine what percent of the whole each component 
represents. 






402 


-9. 


Divide the part by the whole. 


409- 


3, 


402 


- 10. 


Multiple the percentage by 3,6, 







CHAPTER r 

403 - 1 , The wet process uses a developer solution that contains the 
coupler. The solution activates the dyes and produces the 
image. The dry process uses ammonia vapors that activate the 
coupler which coats the film, 

403 - 2, Second originals are more durable than the paper originals. 

Many more copies can be produced from second originals. 

404- 1, Diazo transparencies arc larger than most slides, thus (in 
terms of drawing) more detailed. It is easier to cut out 
mistakes from a diazo transparency, 

404 - 2, Refer to a chart, such as the one shown in figure 2-3. 

404- 3, Registration, 

405 - 1 . Ordinary paper, 

405- 2, By heat, 

405 - 3, It prepares paper offset masters. 

405a - 1 . You can produce a transparency using practically aiiV printed 
materials. 

405a - 2. The four steps in the operation of a Thermofax copier axe. 

(1) Adjust the exposure. 

(2) Place film on the original. 

(3) Center material and insert it into the machme. 

(4) Mount the transparency. 



405a - 3. Thermofax films should be placed over the original with the 
notched comer over the upper righthand side. 

406- 1. The size of the slide. 

The time necessary for actual production. . 
To allow for variances in camera aligmnent and miHinting. 
Before the job is sent to the photolab. 
The photolab. To find out what type of film they use before 
you begin work on the job request. 
On a piece of tracing paper that is laid over artwork. 

6 by 8 2/3 inches. 
6 by 12 inches. 

The lettering must be 1/15 of the height of the graphic. In this 
case it must be 2/3 (10:15 - ?'3). The line weight must be at 
least 1/75 of 13 1/3 inches. Therefore, it must be at least 1/6 
inch thick. 

Since the minimum height for lettering is 1/15 of the graphic 
height, the largest that the graphic can be is 15 times the 
height of the lettering which is 5 inches (15 x 1/3 = 5). 
If the graphic can be seen on the mo^tor with sufficient 
clarity to illustrate its point, your sizes and styles are 
appropriate. 

The advantage of using black and white in all TV illustrations 
is that is gives the video engineer a reference on which to set 
up basic video levels. Besides the fact that black and white 
may not fit well into the design of an illustration, using black 
and white next to each other may cause a halo or horizontal 
streaking. 

The TV system is not as effective in distinguishing tone as is 
the human eye. If you did not restrict your use of gray to 3 or 
4 separated tones, some of the different tones might appear to 
be the same tone. 

You should compare the value of colors with the values of 
gray- 

409 - 4. Lay a sheet of wax paper over your illustration and step back 
to the appropriate viewing distance. The net result is very 
similar to what the TV system does to your illustration. BIG, 
BOLD, and SIMPLE is the criterion to apply. 

410-1. I.f. 

2. e. 

3. a. 

4. g. 

5. h. 

6. b. 

7. d. 

8. C. 

CHAPTER 3 

1. (l)c;(2)a;(3)d;(4)b. 

1 . A galley copy is a proof page used to check for print ig errors 
and quality. A slick copy is the final layout copy. 
412 - 2. To work out general ideas and copy*layout problems. 
412 - 3. Allows you to fit thecopyevenly into the column areas. 
412 - 4. Ruby-lith, parapaque, or by blackening the areas with mk or 
black paper. 

412-5. Cuning out all the unnecessary areas of a picmre to improve 
its content; the two methods most conmionly used are the 
tissue*overlay method and the outline noethod. 



411 • 
412- 
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412- 6. Libel the photos with the page number and window position. 

412 - 7. A proportional scale is the best toot 

413 - 1 . Ptintuig presses can print in black and white ^-Uy. 

413 - 2. A screen breaks a photograph up into a series of dots that vary 
in size and tp^ang. When printed in black and white, the eye 
sees a variation of tone. 

413 - 3. A device made c^^ two pieces of optical glass that have 

panUel. opaque lines running across them. 

413- 4. The number of lines per inch. 

414- I. Retouching adds the qualities to a photograph that the 

photpgnpher failed or could not obtain. 

414 - 2. The phantom effect is obtained by laying a sheet of Solptone 

over the photograph aixl scr^>ing away the surface over the 
subject. 

415 - 1. The mixdire of the three primaries does not produce a neutral 

black. It 1^ also used to give tone and body to other colors. 

415- 2. l.a.h. 

2. k.gj. 

3. c. 

4. j. 

5. m. 

6. f. 

7. n. 
S. D. 
9.O. 

10. p. d. 

11. b. 

12. !.e. 

416 - 1. It serves as a flat surface upon which the copy is attached to 
bepbocogrq)hed. 

2. Arc lamps, quartz iodine lamps, or pulsed xenon lamps. 

3. Hie lens, the aperture, and the shutter. The lens focuses the 
ligbt, the jQ)eiture controls the amount of light that strikes the 
film, and the shutter control the length of time the tight strikes 
the film. 

4. Glass focal plane. 

5. It holds the shutter open and the lights on until a complete 
exposure has been made. 

416a - 1. It increases the light ou^t of the projector by 10 percent. 
4l6a - 2. Wipe off your fingerprints. 

416a - 3. The outside lenses of the projection beads and the top surface 
of the optical stage. 



416- 
416- 



416- 
416- 



416a - 4. Use only a camel's hair brush 

4l6t - 5. Insert the material to be projected in the space between the 
projector body and the feedoinatic belt, with the bottom of the 
copy towards the screen. 

416a - 6. A glass pressure plate keeps photos and books flat for 
projection. 

4 1 6a - 7. The beat fdter is used to provide protection to temperature- 
sensitive materials or thick nuterials that are to be left in the 
projector for any periods of time. 

416t - 8. The front projector mirror. 

416a - 9. The drawing must fust be traced on translucent paper and then 

retraced on anodier drawing surface. 
416a- 10. A place where the lighting can be controlled. 

CHAPTER4 

417- 1. Because it is c^ble of producing even tones, gradual 

variations in value, and sharp tonal contrast. 
417-2. Cover part of the paper with a mask or ftisket. 
417-3. Raisednusk. 

417-4. With transparent pigments, the anoount of paint applied 
deteraoines the value. With opaque pigment, the addition of 
white for lighter values, and black for darker vahies. 

417 - 5. Before airbrushing, you should check the needle for proper 
seating and security, attach the color cup, attach the hose, 
cVdc the air pressure, mix paint, and fill the ciq). 

417-6. 25 pounds. 

417 - 7. Tbeurbrush has a control level; pushing down releases the air 

and pulling back releases the paint. 
417 - 8. (a) The distance between bru^ and paper. 

(b) The position of brush in relation to paper. 

(c) The amount of paint released by tbe control level. 

417- 9. Grain, ptpct buckling, blobs, flared strokes, centipede effect, 

spatter, and curved strokes. 

418- 1. l.k. 

2.C. 



10. j. 
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STOP- 1 • MATCH ANSWER SHEET TO THIS EXERCISE NUMBER- 

2. USE NUMBER 2 PENCIL ONLY- 

EXTENSION COURSE INSTITUTE 
VOLUME REVIEW EXERCISE 



2315103 23 



VISUAL COMMUNICATIONS 



Carefully read the following: 
DO's: 

1. Check the **coursc/' ** volume/* and ••form' numbers from ihe answer sheet address tab against the 
••VRE answer sheet identification number" in the righthand column of the shipping list. If numbers do 
not match, return the answer sheet and the shipping list to ECl immediately with a note of explanation. 

2. Note that item numbers on answer sheet are sequential in each column. 

3. Use a medium sharp #2 black lead pencil for marking answer sheet. 

4. Write the correct answer in the margin at the left of the item. (When you review for the course 
examination, you can cover your answers with a strip of paper and then check your review answers 
againjit your original choices.) After you are sure of your answers, transfer them to the answer sheet. If 
you have to change an answer on the answer sheet, be sure that the erasure is complete. Use a clean 
eraser. But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your unit trainer or OJT 
supervisor. If voltiniarily cnroWcd student, send questions or comments to HCl on HCI Form 17. 

DONTs: 

Don't use answer sheets other than one fumished specifically for esch review exercise. 
Don't mark on the answer sheet except to fill in marking blocks. Double marks or excessive markings 
which overflow marking blocks will register as errors. 
Don't fold, spindle, staple, tape, or mutilate the answer sheet. 
D«n't use ink or any marking other than a #2 black lead pencil. 

NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED ON THE VOLUME 
REVIEW EXERCISE. In parenthesis after each item number on the VRE is the Learning 
Objective Number where the answer to that item can be located. When answering the items on the 
VRE, refer to the Learning Objectives indicated by these Numbers, The VRE results will be sent to 
you on a postcard which will list the actual VRE items you missed. Go to the VRE booklet and 
locate the Learning Objective Numbers for the items missed. Go to the text and carefully review the 
areas covered by these references. Review the entire VRE again before you take the closed-book 
Course Examination. 




3. 
4. 
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MULTIPLH CHOICE 
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Note (o Student: Consider all choices carerully and select the best answer to each question. 

1. U(K)) A narrrative presentation nuiy Iv either written or oral, and is noinuilly pivscntcil m 

a. slide form. c. data form. 

b. story form. d. graphic form. 

2. (400) The two advantages of an oral presentation arc 

a. personal presentation and answering questions. 

b. visual response and evaluation of presentation. 

c. large amounts of material presented and question response. 

d. correction ability and clarification response. 

3. (401 ) What is the first element to be considered when drawing a tabular presentation? 

a. The color. 

b. The size. 

e. The title. 

d. The body of the presentation, 

4. (401 ) In the body of a table, the boxhead 

a. is the term used for vertical listings. 

b. is the term used for stubs. 

c. contains the titles appearing in the stub. 

d. contains the captions of the vertical columns. 

5. (401 ) The lower left-hand comer of a chart is used to indicate the 

a. 5ccale or range of values. 

b. legend applicable to the chart. 

c. preparation information. 

d. source of the data. 

6. (402) When the bars extend upward or grow from the base line at the bottom of the chart, this chart is called a 

a. vertical bar chart. c. horizontal bar chart. 

b. vertical line chart. d. horizontal line chart. 

7. (402) On a bar chart , the spacing between the bars is equal to the 

a. width of a bar. c. length of a bar. 

b. height of a bar. d. thickness of a bar. 

8. (403) When producing diazotype images, the ammonia developing process is a 

a. wet process. c. semimoist process. 

b. dry process. d. semidr>' process. 

9. (403) If you are allergic to ammonia, the type of diazo process you should avoid using is the 

a. moist process. c. dry process. 

b. semidry process, d. ultraviolet process. 
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10. (403) The term diazo refers to what organic chemicals? 

a. Diazonium salts and acetone. 

b. Acetate and color couplers. 

c. Acetone and color couplers. 

d. Diazonium salts and color couplers. 

1 1 . (404) Which of the following is used to correct mistakes on a tracing paper master for a diazo print? 

a. Erasure. c. Overlay. 

b. Cutout. d. Block out. 

12. (405) The xerox process is based on the principle of 

a. repellency of water and oil. 

b. dr>' electrostatic transfer. 

c. lithographic printing. 

d. diazotype printing. 

13. (405) One advantage of the dry electrostatic process is 

a. that it uses ordinary paper. 

b. that liquid chemicals are at a minimum. 

c. that it produces a high quality reproduction. 

d. that it is inexpensive and highly reliable. 

14. (405) During the xerox printing process, the paper offset master or transparency receives 

a. a negative charge. 

b. a chemical coating. 

c. exposure through a camera lens. 

d. a positive charge. 

15. (405a) Besides transparencies^ which of the following products can be printed using the Thermofax? 

a. Gummed labels andTechnisheen. 

b. Gummed labels and paper copies. 

c. Paper copies and prepared lettering. 

d. Technisheen and prepared lettering. 

16. (405a) What is the major drawback of the Thermofax prcKess? 

a. Quality of the slide. 

b. Time of production. 

c. Complexity of operation. 

d. Maintenance of machine. 

17. (406) What is the greatest disadvantage of 35mm slide production? 

a. PrcKessing cost. c. Size limitations. 

b. Processing time. d. Correction limitations. 

IX. (406) A limiting factor when working with 35mm transparencies is that you must always 

a. work with the existing color sensitive film. 

b. work without bleed area interference. 

c. work within a two by three format. 

d. work within the drop shade factor. 
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19. (407) Concerning visual materials tor television* aspect ratio refers to the 

a. wiiith of the TV screen. 

b. relationship of height to number of lines. 

c. relationship of width to number of lines. 

li. relationship of height to width of TV screen. 




20. (407) The rule that allows for edge los^; and establishes a safety field is called the 

a. one-eighth rule. c. one- fourth rule. 

b. one-sixth ruie. d. one-half rule. 



21 . (408) The minimum line weight for a television graphic is 

a. 1/75 the width of the copy layout. 

b. 1 .'50 the width of the copy layout. 

c. 1/25 the width of the copy layout. 

d. I/I5 the width of the copy layout. 

22. (408) You haw to make nine graphic television illustrations having a basic si/e of 10 by 13 1/3 inches. How 
many sheet.s of 30 by 40 inch television gray board will be required? 

a. I "our. c. Two. 

h. Tha^e. d. One. 



23. (409) For television, using black and white next to each other may cause 

a. a fade oitt. 

b. a grayed blending. 

c. an all black presentation. 

d. a halo and horizontal streaking. 



24. (409) To allow the television engineer to set video levels, what must be included in each television graphic? 




a. Both black and white. 

b. Either black or white. 

c. Three or four tones of gray. 

d. Black, white, and a medium gray. 



25. (409) On black and white television when you place two slightly different gray tones side by side, the 

a. background is grayed. 

b. objects will probablv look alike when reproduced on screen. 

c. color difference will be exaggerated by the camera. 

d. objects will appear more clearly on the screen. 

26. (409) The resolution of a television system tells the illustrator how 

a. to apply ink by hand. 

b. to use registration marks. 

c. a mistake can be corrected. 

d. much fine detail he can put into an illustration. 

27. (410) The original artwork for rear view projection is photographed and normally reduced to a 

a. 3- by 4-inch transparency. 

b. 5- by 7-inch transparency. 

c. 2- by 2 or 4- by 5-inch transparency. 

d. 8- by 10-inch transparency. 
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28. (410) The principle of the phantom is based on 

a. color values. 

b. line construction. 

c. drawing an illustration on a gray background using charcoal sticks. 

d. drawing an illustration on a white background using a number B 1 pencil. 

29. (410) The simplest method of presenting animation on television is by using 

a. technamation. c. slide cards. 

b. the crawl technique. d. pop-in. 



30. (410) Infonnation appearing in a cutout window or picture frame type setting is an cxamplj of a 

a. gobo. c. pop-in. 

b. crawl. d. slide card. 

31 . (411) What type of printing has the letters or designs etched below the printing surface? 

a. Offset. c. Intaglio. 

b. Lithographic. d. Letterpress. 

32. (411) What is the definition of planography? 

a. The process of using lithographic stone in the printing process. 

b. The process of lithographic printing when metal plates are used. 

c. The act of etching letters and designs in the printing surface. 

d. The process of making letters and designs on blocks of wood. 

33. (412) A galley copy is used to 

a. check for mistakes after type has been set. 

b. paste up the final layout. 

c. show column layout borders. 

d. record windows for layout photographs. 

34. (412) Cropping can be accomplished in two ways, one of these ways is to use 

a. an acetate overlay. 

b. a black ink overlay. 

c. a ruby-lith parapaque overlay. 

d. a tissue-overlay. 

35. (413) The halftone process is very similar to what line media technique? 

a. Graded line. c. f.tipple line. 

b. Crosshatch. d. Accentuated line. 

36. (413) The screen used in the halftone process is made up of two pieces of optical glass that have 

a. parallel, opaque lines running across them. 

b. screening material attached to them. 

c. black dots embedded in the surface of the glass. 

d. polished reflecting surfaces. 
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37. (414) The purpose of photo retouching is to 

a. bring the photograph into proper proportion. 

b. accentuate minor background details. 

c. eliminate distraction qualities. 

d. highlight the depth of field. 

38. (414) What is the simplest technique for subduing the background of a photograph? 

a. Apply a light transparent wash over the background. 

b. Use an airbrush and opaque paint to retouch the area. 

c. Stipple the area using a large bristle brush and retouch grays. 

d. Use a Solotone sheet over the photograph and scrape away the surface over the subject. 

39. (415) How is color achieved in halftone color separation negatives made directly from the original color 
illustration? 

a. By photographing the original artwork in full color. 

b. By using a subtractive color separation process and monochrome filters. 

c. By making screen negatives directly from the artwork by using filters. 

d. By using an additive color separation process and complimentary filters. 

40. (415) In the photoengraving processes, a red printer uses 

a. a yellow-red filter. 

b. a green (yellow-blue) filter. 

c. an orange filter. 

d. a blue-violet filter. 

41 . (415) What simple method can an illustrator use to indicate to the lithographer the desired color separation of a 
finished product? 

a. Key line method. c. Acetate overlay method. 

b. Tissue overlay method. d. Color strip method. 

42. (41 6) The shutter of the copy camera system is held open by the 

a. aperture setting. c. timer setting. 

b. light source setting. d. exposure setting. 

43. (416) With the acetate overlay method 

a. color work with large masses may be treated. 

b. the sheet is placed on the original drawing, frosted side down. 

c. the areas containing color are outlined and filled in with pencil. 

d. the sheet is placed on the original drawing, frosted side up. 

44. (416) What part of the copy camera system holds the copy to be photographed? 

a. The copyboard. c. The aperture frame. 

b. The glass focal plane. d. The film holder, 

45. (416a) Which of the following control features eliminates the red and blue comers that are projected onto the 
screen? 

a. Lamp change lever. 

b. Lamp indicator lever. 

c. Opitcal intensifier. 

d. Optical tuning wheel. 
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46. (416a) How is surface dirt removed from the mirrors of an overhead projector? 

a. Damp rag. c. Dry paper towel. 

b. CamePs hairbrush. d. Dry rag. 

47. (416a) What type of materials must be used to project an image when using a Lucida projector? 

a. Opaque. c- Translucent. 

b. Transparent. d. Frosted. 

48. (417) When working in transparent wash, to render an area with strong highlights and shadows, you should 

a. cover the highlights with white paint after painting all the dark tones. 

b. cover the area with a frisket so that the area will not be painted. 

c. airbrush the dark tones only, leaving the highlights. 

d. cover the highlights with white paint before painting the dark tones. 

49. On a double-action airbrush , the largest amount of paint will be sprayed when the lever is 

a. all the way down and all the way to the rear. 

b. all the way down and slightly to the rear. 

c. all the way up and all the way to the rear. 

d. slightly down and slightly to the rear. 

50. (417) Fairly large specks of color at the beginning of an airbrush stroke are generally caused by 

a. pulling back too slowly on the control lever. 

b. allowing the control lever to click forward too quickly at the end of the previous stroke. 

c. pulling back too quickly on the control lever. 

d. releasing the control lever too slowly on the previous stroke. 

51 . (418) The process of printing which allows the greatest selection of pn.iting surfaces is the 

a. gravure. c. lithography. 

b. letterpress. d. silk screen. 

52. (418) What is an important precaution to observe when cutting a film stencil for the silk screen process? 

a. Do not cut the silk. 

b. Do not cut the backing paper. 

c. Do not remove any of the film. 

d. Do not apply too much lacquer thinner. 

53. (418) When preparing the silk screen for printing, the film stencil is attached to the silk by applying 

a. an adhering liquid. c. papertape. 

b. a warn iron. d. turpentine. 

54. (418) What type of stencil can be attached to the silk by heating it with a warm iron? 

a. Lacquer. c. Film. 

b. Shellac. Tusche. 
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55. (4i8) In making a stencil for the silk screen during the tusche method, what is used to block out the areas of the 
design which are not printed? 

a. Rubber cement. c. Fish glue. 

b. Masking paper. d. Mucilage. 



END OF EXERCISE 
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MAIL TO: ECl, CUNTER AFS AL 36118 5643 



STUDENT REQUEST FOR ASSISTANCE 



PRIVACY ACT STATEMENT 

AUTHORITY 10 use 8012. PRINCIPAL PURPOSE. To provide student anistance •« requested by individual students ROUTINF I S! S I his form is 
shipped with Et I course package, and used by the student, as needed, to place an Inquiry wUh ECI DISCLOSURE VoJuntar> The infurmatjun requested on 
(his form is needed for expeditious handlini of the student's Inquiry. Fallur? to provide all .nformation would rcsuH in <lo»cr .ution or nubtfio »u luiM.ue 
as»Ulance to the student ^ 



CORRECTED OR LATEST ENROLLMENT DATA 



I THIS REQUEST CONCERNS 
COURSE K\'%\ 



2. TOOAVS OATE 



5. SOCIAL SECURITY NUMBER (715) 



6 CRAOE/RANK 



3. ENROLLMENT OATE 



4 AUTOVON NUMBER 



7 NAME (Firtt mitial, iccond iriittal. last name) 



(17) 



8. AOORESS 

OJT KNllOLt'h'ES- Address of unit trainlns office 
With zip code. 

A LI, OTllHliS Current mailing address with zip code. 



(33-53) 



(54-75) 



9. NAMfi OF BASE OR INSTALLATION IF NOT SHOWN ABOVE 



10. TEST CONTROL OFFICE ZIP COOE/SHREO (33-39) 



REQUEST FOR MATERIALS. RECORDS, OR SERVICE 



Plaiv an'X' throti^h number in box to left of service requested 



Kc(|acst address change as indicated in Section I, Block 8. 



Request Test Control Office change as indicated in Section I, Block 10. 



Request name change/correction. 
(Provide Old or Incorrect data here) 



Request Grade/Rank change/correction. 



Correct SSAN. (Ltst incorrect SSAN here.) 
(Corren SSAN should be shown in Section I.) 



Extend course coinp|p«^'jn date. (Justify tn "Remarks") 



FOR ECI USE ONLY 



Request enrollment cancellation. (Justify in "Remarks") 



Send VRE answer sheets for Vol(s): 123456789 10 
Originals were; [ | Not received [ | Lost [ ] Misused 



Send course tnaterials. (Specify tn "Remarks") 
I I Not received | | Lost [ ] Damaged 



M 



Course exam not yet received. Final VRE submitted for grading on . 



.(date). 



Results for VRE Vol(s) 1 23456789 10 not yet received. 
Answer sheet(s) submitted ^ (date). 



VOL 33-3f 



12 



Results for CE not yet received. Answer sheet submitted to ECI on _ 



(date). 



Previous inquiry ([ ) ECI Fm 17, [ ) Itr, ( ) msg) sent to ECI on_ 



.(date). 



OOE 3 9-45 



Give instructional assistance as requested on reverse. 



0ji 



15 



Other (Explain fully tn "Remarks") 



REMARKS (Continue on reverse} 



OJTSTUDENTH must have their OJT Administrator certify this tecord 
ALL OTHER STUDENTS may certify their own requests 



I certify that the information on this form is accurate 
and that this request cannot be answered at this station 



SIGNATURE 



ECI oEcT4 PREVIOUS EOITJON WILL •e USEO. 
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REQUEST FO R INSTRUCTOR ASSISTANCE 

NOrC. Qucitions or comments relatmg to the accuracy or currency of subject matter shotld bi forwardid dimtly to pripjruij; 
.i^ciKy. Tor an iiainedutc response to these questions, call or write th«: course author directly, using thi AU'lOVON luunhir or 
jddrcxs ill the preface ofeacii volninc. All other inquiries concerning the course should be forwarded to KCI. 



VRE ITEM QUESTIONED: 



COURSE NO . 
VOLUME NO . 



VRE FORM NO . 



VRE ITEM NO . 



ANSWER YOU CHOSE ■ 



(Letter) 

HAS VRE ANSWER SHEET BEEN 
SUBMITTED FOR GRADING? 



□ YES 



REFERENCE 



□ NO 



(T9xtuol rcfcrenct' for the answer I chose 
con be found as shown below ) 



IN VOLUME NO . 
ON PAGE NO 



IN O LEFT □ RIGHT COLUMN 
LINES THROUGH 



MY QUESTION IS: 



REMARKS 



ADDITIONAL FORMS 17 available from trainers, OJT and Education 
Offices, and ECI. Course workbooks have a Form 17 printed on the last page. 



eci FORM 17. DEC 14 (Reverte) 



ERIC 



10 



351 




